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MINIMUM DISTORTION QUANTIZERS

Harry W. Jones, Jr.*

Ames Research Center
SUMMARY

The well-known algorithm of Max is used to determine the minimum distor-
tion quantizers for normal, two-sided exponential, and specialized two-sided
gamma input distributions and for mean-square, magnitude, and relative magni-
tude error distortion criteria. The optimum equally-spaced and unequally-
spaced quantizers are found, with the resulting quantizer distortion and
entropy. The quantizers, and the quantizers with entropy coding, are compared
to the rate distortion bounds for mean-square and magnitude error.

INTRODUCTION

The well-known optimum quantizers and optimum, equally-spaced level quan-
tizers of Max (ref. 1) have minimum mean-square error distortion for a given
number of output levels, assuming a normal or Gaussian distribution of the
input parameter. Paez and Glisson (ref. 2) used the numerical algorithm of
Max to find optimum quantizers and optimum, equally-spaced level quantizers
for minimum mean-square error distortion, assuming either the two-sided expo-
nential (Laplacian) distributiom, or McDonald's special form of the gamma dis-
tribution. Here, the work of Max and of Paez and Glisson has been repeated
and extended to higher and intermediate numbers of levels for the mean-square
error distortion and for the normal, exponential, and gamma distributions. 1In
addition, the optimum quantizers and the optimum equally-spaced level quan-
tizers were found for these three distributions using the magnitude error dis-
tortion and the relative magnitude error distortion criteria suggested by
Andrews and Pratt (ref. 3). The method of Max is reviewed, and the input dis-
tributions and distortion measures are defined. The quantizers are given and
discussed, and their performance described. The new results are listed in the
summary and conclusion section at the end of this report.

MAX ALGORITHM

If the input parameter distribution is p(x) and the distortion for
input parameters x and representative value y; 1is d(x - y;), then for M
representative values for the parameter, the total distortion is

*National Research Council Postdoctoral Research Associate




Xi+1
D= ) f d(x - y;)p(x)dx (1)

i=1 Xi

where xj and x4, are the cut points determining the range of =X repre-
sented by the value yj, and Xx; and xy4; are infinite. The distortion is
minimized by differentiating D with respect to the xi's and yi's and
setting the derivatives equal to zero. For p(x) # 0 for all x and d(x)
monotonically increasing with x, Max (ref. 1, p. 268) shows that setting the
derivative with respect to x; equal to zero requires that

Xy = (Yi+yi_1)/2 N i=2,. .., M (2)
Thus, the cut point xj 1is halfway between the two representative values yj
and yj-,. The derivative with respect to yji 1is also set to zero, giving
Fi+1
‘r d'(x - yi)p(x)dx = 0, i=1, .. ., M (3)
X
i

Since p(x) 1is symmetrical about x = 0, zero is a cut point for M-even and
a representative value for M-odd, and the positive and negative representa-
tive levels and cut points are symmetrical, having the same magnitude and
opposite signs. The indexing of the x; and y; 1is therefore changed so
that x; and y; are the smallest nonnegative xj and y4, and Xfi/2s Yit/2
for M-even, or X(M-1)/2> y(ﬁ+1)/2 for M-odd are the largest positive non-
infinite x5 and vy;.

For unequal-level spacing and M-even, x; 1is zero and y; 1is estimated.
Then, equation (3) is solved for x,, equation (2) is solved for ¥,» and so
on, until equation (2) is solved for y#/2+ If equation (3) is not satisfied
by this yﬁ/z, estimated y; is adjusted in the same direction that M/ 2
would be adjusted to satisfy equation (3). TFor unequal-level spacing and
M-odd, y; 1is zero and x; 1is estimated. Equation (2) is solved for Yoo
equation (3) is solved for X,, and so on, until y§ﬁ+1)/2 is found and
tested in equation (3). If the integral is not sufficiently close to zero,
the estimated x; 1is adjusted in the same direction that Y(M+1) /2 would be
adjusted to satisfy equation (3). If the output levels are equally spaced,
the x; and y; are integral multiples of half the level spacing, and the
distortion is minimized with respect to a single parameter, the level spacing.
More detail is given by Max (ref. 1). Two computer programs were developed to
find the equal- and unequal-level spaced quantizers. The programs use the
different input distributions and distortion functions described below.

INPUT DISTRIBUTIONS

Three input distributions — the normal, the two-sided exponential, and a
specialized gamma distribution — are considered. The distributions, which
have zero mean and unit variance, are plotted in figure 1. The normal distri-
bution is
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1 -x?%/2

p(x) = —e (4)
V2T
The two-sided exponential or Laplacian distribution is (refs. 2 and 4)
1 /2
pGo) = L 2%l (5)
V2
McDonald's specialized gamma distribution (refs. 2 and 5) is
3/6)1/% /3]y
by = AL Y374 6)

2vm | x|

These distributions are referred to below simply as the normal, exponential,
and gamma distributiomns.

The normal distribution is used most frequently in rate distortion
theory, but Paez and Glisson (ref. 2) refer to McDonald's (ref. 5) evidence
that speech amplitude variations can be modeled by the gamma distribution,
which is approximated by the mathematically simple exponential density. There
is also evidence that two-dimensional Hadamard transform coefficients of image
data have the exponential distribution (ref. 6). Experimental Hadamard trans-
form coefficients (ref. 7) often have a gradually decreasing exponential slope
as x increases, and can be modeled by the gamma distribution, or by an even
more highly peaked distribution.

DISTORTION MEASURES

Three distortion measures — the mean-square error, the magnitude error,
and the relative magnitude error — are considered. The distortion for repre-
sentative values of 0 and +2.0 and of cut points of *1.0 is plotted in
figure 2. The mean-square error function, which defines distortion when sub-
stituted in equation (1), is

d(x - y3) = (x - y;)? N
The magnitude error function is

d(x - y;) = |x - y4| (8)
The relative magnitude error function is

lx - vl

||

dCx - ;) = 9

The mean-square error distortion is used most frequently in rate distor-
tion theory and in image data compression. The magnitude distortion criterion
and the relative magnitude distortion criterion were suggested for image data
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by Andrews and Pratt (ref. 3). The mean-square and magnitude distortion are
monotonically increasing as |x - y;| dincreases, but relative distortion does
not have this property; the property is used in the derivation of equation (2).

For example, consider a representative value of 2, as shown in figure 2,
with input values of 1 and 4. Substituting in equation (9), we have
|4 ~ 2] > |1 - 2], but |4 - 2]|/]4] < |1 - 2|/]|1]. 1In fact, the limit, as x
becomes infinite, of lx - 2|/|X| is 1. Another problem with relative distor-
tion is that zero is a cut point for M-even, with the representative values
symmetrical about zero. The distortion for small x is |x - yll/|x| which
becomes infinite as x approaches zero. It is shown in the appendix that the
relative distortion criteria require one representative value to be zero, so
that the only sets of cut points and representative values that are symmetri-—
cal about zero have an odd number of representative values. Only the levels
for odd numbers of M are computed, but M-even can be used. For example,
to use four levels, the optimum quantizer would have representative values of
0, of the one negative level for M = 3, and of the two positive levels for
M = 5, or positive and negative levels could be interchanged. It is also
shown in the appendix that, for M-odd, equation (2) is correct even though
the monotonic distortion requirement is not satisfied.

MINIMUM DISTORTION QUANTIZERS

The results of running the Max algorithm programs for the above input
distributions and distortion measures are given in tables 2 through 17; these
tables are described in table 1. The number of levels increases from the
lowest to highest, as indicated in parentheses, by adding 1; by multiplying
by 2; or by multiplying by 2 and adding 1. The arrangement of the tables fol-
lows Max (ref. 1) directly, and differs from Paez and Glisson (ref. 2). All
the numbers in the tables have been rounded to four significant digits. The
final infinite cut points have not been included in tables 9 through 17. The
letter a next to most of the values for M =1 and M = 2 dindicates a value
derived by direct computation, rather than by the Max algorithm programs.

The equal and unequal quantizers for normal input distribution and mean-
square error for M = 1 (1+) 36 are given by Max (ref. 1). The corresponding
values given here in tables 2 and 9 are usually identical, differing at most
by 5 units in the fourth place. The equal and unequal quantizers for exponen-
tial and gamma input distributions and mean-square error for M = 2 (2X) 32
are given by Paez and Glisson (ref. 2). The corresponding values given in
tables 3, 10, and 11 differ slightly in most cases, and differ significantly
for the unequal M = 16 and M = 32 gamma distribution quantizers. Since
the same programs that obtained good agreement with Max were used, and since
the mean-square error distortions obtained are in every case less than those
given by Paez and Glisson (except for gamma, M = 2, where directly computed
values are used), it appears that the values given here are more optimal.

The results given in the tables are partially plotted in the figures
discussed below. Figure 3 shows the optimum quantizer level spacing for nor-
mal, exponential, and gamma input distribution and for mean-square error.
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This figure, like many of the other figures included here, shows intermediate
values not listed in any table. The level spacings for the exponential and
gamma distributions are wider, reflecting their higher probabilities for large
x. This also appears in figure 4, where the largest representative value is
higher for the exponential and gamma distributions.

Figures 3 and 4 show also the similarity of the exponential and gamma
quantizers, and indicate that the gamma quantizers have narrower spacing for
small M-even than for small M-odd. This is due to the infinite value of
the gamma density at x = 0, which requires a zero or small positive represen-
tative value. This effect, much reduced, also occurs for the exponential
distribution.

Figure 5 shows mean-square distortion for the optimum equal quantizers,
and figure 6 shows the distortion for odd and even M, gamma input, equal
quantizers. The distortion is significantly less for the normal input distri-
bution because of its narrower spread and lower peak.

Figure 6 shows that, for the gamma distribution and equal spacing,
2% (integer)-1 levels provide better performance than 2*(integer) levels.
Figure 5 also includes the distortion for the normal input, optimum unequal
spacing quantizer, which is less than the distortion for the equal level quan-
tizer. Figure 7 shows the distortion for all the minimum mean square error
unequal quantizers. As in the normal input case, the distortions for the
exponential and gamma inputs are less with unequal level spacing quantizers.
Although the normal input distribution again has least distortion, the differ-
ences are smaller because the optimum unequal quantizers adjust to the input
distribution shape. Figure 8 gives the largest representative value for
unequal-spacing, minimum mean-square error quantizers. Compared to the
largest representative values for equal spacing quantizers given in figure 4,
the largest representative value for unequal spacing quantizers increases more
rapidly with M until a final value is approached. The largest representative
values for odd and even M do not have different curves, as they did for
equal spacing quantization. 1In all cases for unequal spacing quantizers,
increasing the number of levels decreases distortion.

Figure 9 shows the optimum equal spacing for magnitude distortion and
figure 11 shows the optimum equal spacing for relative distortion. The spac-
ing is smaller for magnitude distortion, and smaller still for relative dis-
tortion, because of the reduced weighting of large magnitude errors, especially
for the representative value interval that extends to infinity. The gamma
distribution for magnitude distortion again has narrower spacing for an even
number of levels. As discussed above and in the appendix, only odd numbers of
levels are used with relative distortion. As in the mean square error case,
the normal input quantizers have the smallest spacing and the gamma input
quantizers have the largest spacing. Figure 10 gives the distortion for mini-
mum magnitude error, equal-spacing quantizers. The distortion for the gamma
distribution for odd and even numbers of levels is given in figure 6. As in
the mean-square error case, distortion is lower for odd numbers of levels.

The distortion for minimum relative error equal spacing quantizers is given in
figure 12, Again, as in the case of mean-square error, the equal quantizers
have least distortion for a normal input and have most distortion for a gamma
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input. The optimum unequal quantizers for magnitude and relative magnitude
distortion are not separately plotted, but are discussed in the next section.

Max (ref. 1) indicated that, for M-large, increasing the number of levels
to 2M would, as an approximation, cause each previous representative level to
be divided into two equal intervals; figures 3, 9, and 11 confirm this. For
approximately constant probability density in each interval, the mean square
error is reduced by one-fourth; figures 5, 6, and 7 confirm this. Similarly,
doubling a high number of levels would reduce the magnitude error by one-half,
as shown in figures 6 and 10. The relative distortion (fig. 12) is less well
behaved, although the distributions for normal and exponential inputs nearly
follow the one-half slope.

Although the minimum distortion quantizer is exactly defined, the distor-
tion can approach the minimum for significantly different quantizers. TFor the
M= 38 and M = 40 quantizers in table 9, distortion is 10 percent larger
for M = 38. If an M = 40 quantizer is designed using the M = 38 quantizer
with any two additional representative values, the distortion must be less
than the M = 38 distortion, and within 10 percent of the minimum. This
implies that the form of the minimum distortion quantizer is less accurately
defined than its performance, and that convenient approximations to the quan-
tizers, or even greatly differing quantizers, will often perform acceptably.

PERFORMANCE OF THE MINIMUM DISTORTION QUANTIZERS

It is well known that, for a given distortion, the normal input distribu-
tion requires a higher minimum transmission rate than any other zero mean,
unit variance distribution (ref. 4, pp. 101-102). However, this rate distor-
tion bound defines only the minimum rate for all possible transmission methods.
Simply using a quantizer with an integer number of equally spaced levels for
each sample is not the best transmission method, and it is relatively less
efficient for the highly peaked exponential and gamma distributions. Huffman
coding (ref. 8, Ch. 2) can be used to reduce the transmission rate from
log, M to the quantizer entropy, a lower but variable rate. A plot of the
equal level spacing quantizer distortion versus entropy (fig. 13) shows that
the normal distribution does require higher rate (except at small M) for a
transmission system consisting of an equally spaced quantizer and a Huffman
coder. The optimum unequal quantizer has less distortion than the equal quan-
tizer. Although the unequal quantizer for the normal input distribution again
has lowest distortion, the difference in distortion (fig. 7) is less than for
the equal quantizer. A plot of the unequal level spacing quantizer distortion
versus entropy (fig. 14) shows that the normal distribution requires a trans-
mission rate equal to or greater than the other distributions, at medium and
large M.

The equally-spaced and unequally-spaced minimum distortion quantizers can
each be used with entropy coding, giving four possible systems for each com-
bination of input distribution and distortion measure. The performance of the
systems listed in the tables is shown in figures 15 through 23. The rate
distortion bound, or a lower bound on this bound, is given for quantizers
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designed for mean-square and magnitude error (ref. 4, pp. 92-102, 141). 1In
figure 15, the distortion is lower for entropy-coded, equal-spaced quantizers
than for entropy-coded, unequally-spaced quantizers. This result was found by
Wood (ref. 9), who used approximations for entropy and distortion based on the
work of Max (ref. 1). Goblick and Holsinger (ref. 10) noted earlier that the
entropy-coded, equal-spaced quantizers were within 0.25 (here 0.3) bits of the
rate distortion bound.

Figures 16 and 17 indicate that the cases of exponential and gamma input
and mean-square error are similar. Entropy-coded, equal quantizers give the
best performance, and they approach the rate distortion bound. Although these
highly peaked distributions give poor performance with uncoded, equal-spaced
quantizers, the low probability of the higher representative levels allows
larger rate reduction with entropy coding. For the gamma input and mean-square
error, entropy—coded (variable rate), equal quantizers are 0.5 to 1.5 bits
better than unequal quantizers. The rate reduction is comparable to the
reduction obtained using variable rate adaptive Hadamard image compression
(ref. 11), and these two variable rate methods can be combined.

Figures 18, 19, and 20 give the rate distortion bounds and quantizer per-
formance, with and without entropy coding, for the magnitude distortion mea-
sure. As in the case of mean-square distortion, the entropy-coded, equal-
spaced quantizers have lowest distortion, approaching the bound, and are
superior to uncoded, unequal quantizers, except at some small M.

Figures 21, 22, and 23 give the quantizer performance, with and without
entropy coding, for the relative distortion measure. The lower bound on the
rate distortion cannot be found using the method for difference distortion
measures, because the relative distortion is a function of the sample value as
well as the error (ref. 4, p. 92). For the relative error, the unequally-
spaced quantizers give significantly less distortion than entropy-coded, equal
quantizers.

For all three distortion measures, the performance differences increase
greatly for the exponential and gamma input distributions.

SUMMARY AND CONCLUSION

The results of the work include the structure of the new quantizers, the
performance of the quantizers, and certain properties of the quantizers due to
input distribution or distortion properties, as follows.

1. The minimum mean-square error, equal- and unequal-spaced quantizers
for normal, exponential, and gamma input distributions, with the distortion
and entropy, were found for new numbers of levels.

2. The magnitude error quantizers for normal, exponential, and gamma
input distributions, and the distortion and entropy, were found.



3. The relative magnitude error quantizers for normal, exponential, and
gamma input distributions, and the distortion and entropy, were found.

4, TFor exponential and gamma distributions and mean-square error, it was
shown that equally-spaced quantizers with entropy coding are far superior to
unequally-spaced quantizers with entropy coding, and that they approach the
rate distortion bound. (These results were shown for the normal input distri-
bution and mean-square error by Wood (ref. 9) and by Goblick and Holsinger
(ref. 10), who used the work of Max (ref. 1)).

5. TFor magnitude error and small M, unequal-spacing quantizers with
entropy coding sometimes have slightly less distortion than entropy-coded,
equally-spaced quantizers. The entropy-coded, equal-spaced quantizers are
superior for medium and large M, and approach the rate distortion bound.

6. TFor relative magnitude error, unequal quantizers have significantly
less distortion than entropy-coded, equally-spaced quantizers.

7. The rate reduction for entropy-coded, equally-spaced quantizers is
significantly larger for exponential or gamma input distributions than for the
normal input distribution.

8. Equally-spaced quantizers with odd numbers of levels are superior to
equally-spaced quantizers with even numbers of levels for the gamma input dis-
tribution. Gamma distribution quantizers usually have a representative level
either equal to, or very close to, zero.

9. The exponential input distribution has a similar but much smaller
superiority of the equally-spaced quantizers with odd numbers of levels.

10. The relative magnitude distortion criterion forces one representative
level to be zero.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, California 95035, August 15, 1976



APPENDIX
RELATIVE MAGNITUDE DISTORTION

Suppose that M is even; the cut point X is zero and the distortion
for the first representative value, from equation (1) is:

% IX - Yll
D, =2 f By p(x)dx (A1)
MY

X, 1s greater than y, and is infinite for M = 2. To minimize the distor-
tion, the derivative with respect to y; is set to zero, as in equation (3)
here, and in equations (2), (4), and (6) in reference (1). Removing the abso-
lute value by using two integrals in the ranges 0 to y; and y, to x, and
using Leibnitz's rule,

X

dD1 b4 2
T = 2 f x~lp(x)dx - 2 f x"lp(x)dx (A2)
Y4 o v,

Suppose p(x) 1is monotonically decreasing as X increases and is con-
tinuous at x = 0. For small positive ¢,

le € yl X2 3\
T - 2 f x_lp(o)dx + 2 f x—lp(x)dx -2 f x_lp(x)dx
71 o € Vi
71 %,
= 2p(o0)2n xlz + 2 J. x~lp(x)dx - 2 J. x lp(x)dx b (A3)
€ Y1
Y1 %2
= 2p(o)[tn & + »] + 2 f x " lp(x)dx - 2 f x~lp(x)dx
€ yl /

The &n € 1is a large finite negative number, the second integral is positive,
and the third is bounded as follows:

*2 1 L 1
2 f x‘lp(x)dx < 2 = f p(x)dx = — (AL)
yl Y1 [} yl
We therefore have
le 1
—— > 2p(o)[=] + 2p(0)in & - — (A5)
dy, p (o) [«~] p (o) v,

Since 4&n € 1is finite, the derivative of D, with respect to y, 1is
infinite for all nonzero ¥y D; is large for y; mnot equal to zero and
increases as ¥y, increases, so that y, 1is forced to zero by the behavior of
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le/dyl. For the case where M 1is odd, ¥y is zero and the relative distor-
tion is always 1 or less, since y; = 0 may be used in equation (9). The
other values of y; are used when they are closer to x and reduce the

distortion.

The assumption that p(x) 1is continuous at zero is not satisfied for the
gamma distribution, but if we take p(x) = p'(x)/VIx , p'(x) 1is continuous
and, as in equation (A3)

dD

1 & _
— 2 f x 3/2p'(o)dx + .
dy1 A

2p'(o)[-(2/5)x-2/5|§] + ... (A6)

(4/5)p' (0) [-e=2/5 + ©] + .

Bounding the third term of equation (A3) by y;3/2, the infinite positive

derivative again forces y; to zero.

Even for M-odd, the relative magnitude distortion is not a monotonically
increasing function of |X - yil, as shown in figure 2 and mentioned in the
text above. In reference 1, Max uses the monotonically increasing property to
prove equation (2) above, which is used in the algorithm. Equation (2) can be
shown directly, in a manner parallel to that of Max (Max eqs. (1) and (5)).
From equations (1) and (9)

*i+1 lx - yi,

M
D= Z f —“m— p(x)dx (A7)
i=1 "x

1

Setting dD/Dxj equal to zero, by Leibnitz's rule, the i - 1 and i terms
give
L T [ -y

dx; - Ixi[ P(Xi) -

I o) =0 (A8)
%4 | .

For p(x;) # 0 and ]xi| # 0, which is true for M-odd because no cut point
can equal the zero representative value,

ETE A I T A (49)

Since yi-;, Xy, and y; are increasing positive values,
= A10
x, = (y; +y;.,)/2 (A10)

which is equation (2).

We have shown that the relative magnitude distortion requires a represen-
tative value of zero, and that for M-odd, which implies a zero representative
value, the relative magnitude distortion can be treated by the Max algorithm.

10
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TABLE 1.- LIST OF MINIMUM DISTORTION QUANTIZER TABLES

Input

a .
Table Spacing distribution
2 Equal Normal, exponential,
gamma
3
4
5
6
7
8 v Gamma
9 Unequal Normal
10 Exponential
11 Gamma
12 Normal
13 Exponential
14 Gamma
15 Normal
16 Exponential
17 v Gamma

Distortion
criterion

Mean square

Mean square
Magnitude
Magnitude

Relative
magnitude

Relative
magnitude

Mean square,
magnitude

Mean square
Mean square
Mean square

Magnitude
Magnitude
Magnitude

Relative
magnitude

Relative
magnitude

Relative
magnitude

Number of
levels, M
1(1+H)40
2(2x)2048
1(1+)40
2(2x)2048
1(1+)40

2(2x)2048
1(2x%,1+4)511

1(1+)40,
64 (2x)256

“1(1+) 40,

64 (2x)256

1(14)40,
64 (2x) 256

2(2x)16
2(2x)16
1(2x%,14+)15
1(2x,1+)31

1(2x,14)31

1(2x,1+)31

8Tables 2-8 contain the spacing, distortion, and entropy for each number

of representative values.

Tables 9-17 contain the cut points and representa-

tive values, distortion, and entropy for each number of representative values.
The probability and distortion for each representative interval are also

given.
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TABLE 2.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR MEAN SQUARE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M 1
Spacing Distortion  Entropy Spacing Distortion Entropy Spacing Distortion Entropy
1 0.0000  1.00002 0.000%  0.0000 1.00002 0.0008  0,0000  1.0000% 0.0002
2 1.59602 .36342 1.000% 1.41402 .50002 1.0002 1.12902 .68162 1.0002
3 1.2240 .1902 1.536 1.4140 .2634 1.324 1.8170 L2761 1.337
4 .9957 .1188 1.904 1.0850 L1931 1.752 1.0790 .2772 1.754
5 .8430 .08218 2.183 1.0240 L1322 1.872 1.3070 L1444 1.846
6 L7334 .06066 2,409 .8688 .1079 2.127 L9175 .1673 2.058
7 .6508 .04686 2.598 .8209 .08249 2.213 1.0420 .09196 2.133
8 .5860 .03744 2.761 L7295 .07075 2.394 .7926 .11160 2.268
9 .5338 .03070 2,904 .6921 .05704 2.468 .8757 .06481 2.339
10 .4908 .02569 3.032 .6309 .05020 2.608 .6990 .08033 2.433
11 .4546 .02186 3.148 .6034 .04267 2.670 .7593 .04861 2.504
12 .4238 .01885 3.253 .5594 .03834 2.783 .6245 .06022 2,571
13 .3972 .01645 3.350 .5362 .03306 2.842 .6726 .03804 2.642
14 .3739 .01450 3.440 .5028 .03007 2,937 .5649 .04687 2.697
15 .3534 .01289 3.524 .4837 - .02645 2.991 .6052 .03071 2.763
16 .3352 .01154 3.602 L4573 .02428 3.074 .5318 .03855 2.779
17 .3189 .01040 3.676 L4431 .02206 3.118 .5509 .02538 2.870
18 . 3042 .009434 3.746 L4218 .02044 3.191 .4837 .03127 2.890
19 .2909 .008598 3.811 .4083 .01848 3.236 .5062 .02138 2.967
20 .2788 .007873 3.874 .3906 .01723 3.301 L4565 .02662 2.964
21 .2678 .007239 3.933 .3790 .01573 3.344 L4687 .01828 3.055
22 .2576 .006682 3.990 . 3640 .01474 3.402 L4192 .02315 3.063
23 .2482 .006189 4.045 .3554 .01380 3.437 .4366 .01583 3.137
24 .2396 .005751 4.097 .3423 .01278 3.491 .3939 .02002 3.139
25 .2315 .005360 4.146 .3337 .01205 3.527 .4089 .01386 3.214
26 L2241 .005008 4,194 .3226 .01140 3.576 .3716 .01749 3.211
27 L2171 .004692 4,241 L3147 .01062 3.612 . 3847 .01224 3.285
28 .2105 . 004406 4,285 .3050 .01007 3.657 .3519 .01542 3.278
29 L2044 .004146 4,328 .2980 .00943 3.690 .3633 .01090 3.352
30 .1987 .003909 4,370 .2892 .008969 3.733 .3342 .01370 3.341
31 .1935 .003693 4,408 .2842 .008592 3.759 L3442 .009769 3.416
| 32 i .1881 | .003495 4,449 | .2751 } .008040 3.805 .3182 .012260 3.402
33 .1833 .003313 ' 4.487 .2708 ° .007741 3.829 ' .3271 .008811 3.476
34 | 0.1788 0.003146 4,524 0.2639 0.007405 3.866 0.3033 0.01099 3.461
35 L1744 .002991 4.559 .2586 .007012 3.895 .3118 .007991 3.533
36 .1703 .002848 4,594 .2624 .006721 3.930 .2899 .009914 3.517
37 .1664 .002715 4,628 L2476 .006382 3.958 .2978 .007282 3.588
38 .1627 .002592 4,661 L2419 .006128 3.991 L2774 .008980 3.558
39 .1591 .002477 4,693 .2374 .005834 4.018 .2851 .006666 3.640
40 L1557 .002370 4,724 .2323 .005611 4,049 .2663 .008184 3.617

8yalue derived by direct computation, not by the Max algorithm.
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TABLE 3.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR MEAN SQUARE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M
Spacing Distortion Entropy Spacing Distortion Entropy Spacing Distortion Entropy

2 | 1.5960% | 0.36342 1.0002 1.41402 | 0.50002 1.0008 | 1.1290% | 0.68162 1.0002

4 .9957 .1188 1.904 1.0850 .1931 1.752 1.0790 L2772 1.754

8 .5860 .03744 2.761 .7295 .07075 2.394 .7926 L1116 2.268

16 .3352 .01154 3.602 L4573 .02428 3.074 .5318 .03855 2.779
32 .1881 003495 4,449 .2751 .008040 3.805 .3182 .01226 3.402
64 .1041 | .001040 5.309 .1607 .002574 4.580 .1851 .003574 4.085
128 .05687 .0003043 6.182 .09018 .0007638 5.413 .09923 .0009703 4,897
256 .03076 .00008769 7.069 .04876 .0002145 6.300 .05205 .0002476 5.763
512 .01650 .00002492 7.968 .02569 .00005714 7.225 .02662 .00006318 6.682
1024 .008785 .000006997 | 8.878 .01323 .00001491 8.182 .01349 .00001586 7.628
2048 .004650 .000001944 | 9,796 .006724 .000003808 | 9.159 .006794 .000003952| 8.593

8Value derived by direct computation, not by the Max algorithm.
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TABLE 4.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR MAGNITUDE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M
Spacing Distortion  Entropy Spacing Distortion  Entropy Spacing Distortion  Entropy
1 0.0000 0.79792 0.000%  0.0006  0.70712 0.000® | 0.0000  0.57742 0.0002
2 1.34902 L4754 1.0002 .98032 .49102 1.0002 .52532 .4818 1.0002
3  1.0270 . 3406 1.574 .9776 .3540 1.503 1.1310 .3141 1.449
4 .8338 .2683 1.976 .7579 .2993 1.927 .6085 .3300 1.923
5 . 7044 L2217 2.278 .7070 .2459 2,151 .8214 .2295 2.023
6 L6116 .1900 2,523 .6030 .2200 2.404 .5347 .2520 2,313
7 .5416 L1662 2.728 .5643 L1914 2.552 .6583 .1841 2.363
8 .4869 L1482 2,905 .5029 L1760 2.732 L4708 .2063 2.576
9 L4428 .1337 3.059 L4743 .1582 2.845 .5554 .1554 2.608
10 L4065 L1221 3.197 .4333 L1477 2.984 L4204 L1757 2.777
11 .3760 L1123 3.322 L4115 L1354 3.077 L4827 .1353 2.803
12 .3500 .1042 3.435 . 3821 .1278 3.191 .3798 .1528 2.942
13 .3276 .09703 3.539 .3649 .1189 3.270 L4296 .1198 2.964
14 .3081 .09100 3.635 .3426 L1130 3.365 . 3474 .1363 3.082
15 .2909 .08558 3.724 .3287 .1062 3.435 .3883 .1083 3.102
16 .2756 .08092 3.807 L3112 .1016 3.517 .3207 .1233 3.204
17 .2619 .07666 3.886 .2997 .09613 3.579 .3552 .09917 3.222
18 . 2497 .07294 3.960 .2857 .09247 3,651 .2978 L1127 3.313
19 .2385 .06950 4.029 .2760 .08797 3.707 .3273 .09107 3.331
20 L2284 .06646 4,095 L2643 .08485 3.772 .2787 .1035 3.411
21 L2192 .06362 4,158 .2560 .08119 3.822 L3045 .08482 3.428
22 .2107 .06109 4.218 L2462 .07855 3.881 .2622 .09627 3.499
23 .2029 .05870 4.275 .2391 .07546 3.927 .2850 .07948 3.516
24 .1957 .05655 4.330 .2306 .07319 3.981 L2474 .08959 3.582
25 .1890 .05451 4.383 L2244 .07055 4.023 L2677 .07443 3.599
26 .1827 .05267 4,433 L2171 .06858 4.073 L2347 .08428 3.657
27 L1769 .05091 4,482 L2116 .06629 4.113 .2531 .07044 3.674
28 .1715 .04931 4.529 .2053 . 06456 4.158 .2230 .07920 3.729
29 L1664 .04778 4.574 . 2004 .06255 4.195 .2397 .06653 3.746
30 .1616 .04638 4.618 L1947 .06102 4.238 .2129 .07513 3.795
31 L1571 .04502 4,660 .1903 .05925 4,273 .2282 .06343 3.811
32 | 0.1529 .04378 4,701 0.1853 0.05788 4,312 0.2035 0.07113 3.858
33 .1489 .04258 4.741 L1814 .05630 4,346 .2175 .06031 3.874
34 L1451 .04148 4,779 .1769 .05507 4.383 .1953 .06791 3.916
35 L1415 .04040 4,816 L1733 .05361 4.414 .2083 .05782 3.932
36 .1381 .03941 4.853 .1692 .05250 4.449 .1875 .06467 3.972
37 L1349 .03845 4,888 .1659 .05123 4,479 .1995 .05525 3.989
38 .1318 .03755 4,922 .1623 .05022 4.512 .1806 .06206 4,025
39 .1289 .03668 4,956 .1593 .04907 4,540 .1917 .05321 4,042
40 L1261 .03587 4,988 .1559 .04815 4.572 L1740 .05937 4.076

8Value derived by direct computation, not by the Max algorithm.




TABLE 5.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR MAGNITUDE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M
Spacing | Distortion | Entropy Spacing | Distortion| Entropy Spacing | Distortion | Entropy
2| 1.3490% | 0.4754 1.0002 0.9803% | 0.4910% 1.0002 | 0.5253% |0.4818 1.0002
4 .8338 .2683 1.973 .7579 .2993 1.927 .6085 .3300 1.923
8 .4869 . 1482 2.905 .5029 .1760 2.732 L4708 .2063 2.576
16 .2756 .08092 3.807 .3112 .1016 3.517 .3207 .1233 3.204
32 .1529 .04378 4,701 .1853 .05788 4,312 .2035 .07113 3.858
64 .08361 .02351 5.596 .1075 .03253 5.124 .1235 .04028 4.550
128 .04521 .01254 6.496 - .06123 .01806 5.951 .0723 .02220 5.287
256 .02422 .006646 7.404 .03434 .009913 6.795 .04105 .01200 6.069
- 512 .01288 .003505 8.320 .01900 | .005374 7.653 .02269 .006343 6.894
1024 | .006810{ .0018390 P 9.242 . .010390 .002881 ¢ 8,527 .012210 .003289 7.763
L2048 i .003581 .0009617 10.170 .005611 .001524 E 9.418 .006408 | .001683 ' 8.673
‘ | | ] X

4Value derived by direct computation, not by the Max algorithm.
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TABLE 6.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR RELATIVE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M r
Spacing Distortion  Entropy Spacing Distortion  Entropy Spacing Distortion  Entropy

1 0.0000 1.00002 0.0008 0.0000 1.00002 0.0002 0.0000 1.00002 0.0002

3 .6203 .5569 1.557 L4260 L6147 1.567 .2989 . 7042 1.585

5 .4338 L4128 2.282 .3103 L4791 2.273 .2182 .6009 2.206

7 .3391 .3362 2.763 . 2499 .4035 2,730 L1762 .5399 2.595

9 .2809 . 2873 3.121 .2118 .3536 3.070 L1497 .4976 2.883
11 .2410 .2529 3.405 .1852 .3174 3.339 L1312 L4657 3.114
13 .2118 .2270 3.641 .1653 .2896 3.563 L1174 . 4405 3.306
15 .1894 .2068 3.843 .1498 .2675 3.754 .1066 .4197 3.472
17 L1717 .1904 4,019 .1374 .2493 3.922 .09790 .4022 3.618
19 1572 .1768 4,174 L1271 .2340 4,070 .09073 .3871 3.748
21 | 1452 .1653 4,314 .1185 .2209 4,203 .08469 .3739 3.866
23 .1350 .1555 4.441 L1111 .2096 4.324 .07952 .3623 3.973
25 .1262 .1469 4,557 .1047 .1997 4,435 .07504 .3518 4.072
27 .1186 .1394 4.664 .0991 .1908 4,537 .07110 .3424 4.163
29 .1119 .1328 4,763 .09414 .1829 4,631 .06762 .3339 4.248
31 .1060 .1268 4.855 .08972 .1758 4.720 .06452 .3261 4,328
33 .1008 .1215 4,942 .08575 L1694 4,802 .06172 .3189 4.403
35 .09602 .1166 5.023 .08217 .1635 4,880 .05920 .3122 4,474
37 .09174 L1122 5.099 .07891 .1581 4.954 .05690 .3061 4.541
39 .08786 .1081 5.172 .07593 .1531 5.023 .05480 .3003 4,604

8yalue derived by direct computation, not by the Max algorithm.
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TABLE 7.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR RELATIVE DISTORTION

Normal PDF Exponential PDF Gamma PDF
M
Spacing Distortion Entropy Spacing Distortion Entropy Spacing | Distortion | Entropy

1 0.0000 1.00002 0.0002 0.0000 1.00002 0.0002 0.0000 1.0000% 0.0002

3 .6203 .5569 1.557 L4260 6147 1.567 .2989 .7942 1.585

7 .3391 .3362 2.763 . 2499 L4035 2.730 L1762 .5399 2.595

15 .1894 .2068 3.843 .1498 2675 3.754 ~.1066 4197 3.472
31 .1060 .1268 4,855 .G8972 .1758 4.720 .06452 .3261 4,328
63 .05898 .07698 5.829 .05321 .1138 5.654 .03870 .2519 5.189
127 .03252 . 04612 6.782 .03117 .07243 6.568 .02292 .1931 6.063
255 01777 .02726 7.721 .01802 .04530 7.469 .01339 .1469 6.949
| 511 .009627 | .01591 8.653 . .01030 .02788 | 8.359 ' .00772 & .1109 7.844
1023 | .005175 | .009160 9.581 | .005817  ,01690 19,243 .004400  .08321 8.745
2047 .002763 | .0052390  10.510  .003254 01011 10.120 .002480  .06205 9.650

8yalue derived by direct computation, not by the Max algorithm.




1

3

7
15
31
63
127
255
511

8Value derived by

Mean square error

Spacing

0.0000
1.8170
1.0420
.6052
. 3442
.1882
.1014
.05289
.02678

Distortion

1.00002
.2761
.09196
.03071
.009769
.002955
. 0008294
.0002221
.00005784

direct computation, not by the Max algorithm.

Entropy

0.000
1.337
2.133
2.763
3.416
4,147
4.933
5.789
6.708

TABLE 8.- EQUIDISTANT QUANTIZATION LEVEL SPACING FOR GAMMA PDF

Magnitude distortion

Spacing

0.0000

1.1310
.6583
.3883
.2282
.1322
.07533
.04205
.02300

Distortion Entropy
0.57742 0.0002
L3141 1.449
.1841 2.363
.1083 3.102
.06343 3.811
.03636 4.535
.02043 5.288
.01120 6.078
.006015 6.907
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TABLE 9.- OPTIMUM QUANTIZATION LEVEL SPACING FOR NORMAL PDF WITH
MEAN SQUARE DISTORTION

M= 1
1

LISIORTION

ENTROPY =
Moo= 2
1
DIsS1ARITION
ENTI<OPY =
Moo= 3
1
2

DISTRRTIUM

ENTHEPY =
Moo= 4
1

X(1)
00000002

= 1.0000000

. 2000000

x(1)
«NO0OGR0

.3634000°

1., 00unnoo?

X))
«65120000
«000000LOo 1

« 1932000

1,9350000

X(1)
«QUO0000

Y1l

.00000002

Y1)
76790002

Y{I1)
« 0000000
« 2240000

Yir)

« 4528000

P(1)

1.0000000%

P(1)
.5n00000°%

PC1)
+4595000
« 2703000

P(1}
« 3369000

per)
+» 5000000

Doy
« 1817000

D(r)
« 0545500
« 0678100

L1
« (0259100

aValue derived by direct computation, not by the Max algorithm.
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2
DISTORTIGN =

ETRUPY =

M

fl
[44]

G N -

UISTORTION =
EnNTROPY =
o= 6

1

2

3

DISTEGRTION =

ENTROPY =
M = 7
1
2
3
4

DISTORTION =

ENTROPY =

«9816000
» 1175000

1,92110000

xel)

e 38230010
142440000
« 0000000

2 U799400

2,2030000

X(1)
«000Q0u0
6889000

144700600

«0579800

2,4430000

Xt1)

« 2803000
«8744000
1.6110000
« 0000000

11440000

2.6470000

1.5100000

Yil)
«0000000
e 7646000

17240000

Y(I)
«3177000
1.0000000
1.8940000

Y(I)

« 0000000

« 5606000
1.1880000
2.0330000

«1631000

PCD)
+2978000
¢2444000
+1067000

PO1)
«2450000
«1810000
«0739600

PCI)

e 2207000
« 1987000
+ 1373000
«0536200

+ 0328300

pel)
+0142200
«0144300
«0184300

eIy

«+0087180
« 0088770
«0113900

nerx)

» 0087200
« 0057410
« 0058560
« 0075430
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22

M =

[+

DN

DISTURTION =

ENTROPY =
M = 9
1
2
3
4
5

DISTORTION =

ENTROPY =
M = 10
i
2
3
4
5

DISTORTIGN

ENIRGPY =

X(1)

« 0000000
« 5006000
1 0800000
17480000

« 0345500

2,8250000

X(I)
22180060
«6812000

11980000

1.8660000
«0000000

0278800

2,9830000

X1

« 0000000
« 4047000
« 8338000
1.3250000
1.9680000

20229400

3,1250000

Y(1)
2451000
«7560000

13440000
21520000

Yt

« 0000006

«4436000

«9188000
1.4760000
228550000

Y(I)

e 1996000

«6099000
1 +0580000
15910000
243450000

P(1)
«1917000
«1615000
« 1066000
« 402400

P{1)
«1755000
01644000
«1323000
20844800
»0310500

PCI)
«1572000
« 1406000
« 1095000
20681300
«0245200

per)

« 0039650
« 1039860
« 0040690
« 0052540

per)

« 0028600
028640
« 0028810
« 0029430
20038040

pOL)

« 0021330
« 0021370
« 0021510
« 0021980
« 0028490



=

u
-
=

X(1) Y(I)
1 « 18370500 «Q0ULO0VY
2 « 5599000 « 3675000
3 « 9656000 o 7524000
4 14360000 11790000
5 2.05%9Q000 16930000
6 « UQ000U00 244260000
PBISTHARTION = JUl92200
ENTI~IPY = 3,2940000
Moo= 12
X(1) Y(I)
1 «Q0O000VNU 01684000
2 « 3401000 5118000
3 2 H6Y43000 «8768000
4 10810000 1.2860000
5 15340000 17830000
6 214100030 2.4980000
PISTURTION = «U163400
ENTRYPY = 3.3720000
M o= 13
X(71) Y(I)
1 21569000 « 0000000
2 « 4760000 3138000
3 «8126000 «6383000
4 1.1840000 « 9870000
5 16230000 13810000
6 22150000 18650000
7 « 0000000 25650000

PCI)
«14358Q00
¢« 1393000
» 1206000
«0915800
«08558000
«0197400

P(I)
«1331000
1231000
« 1039000
0773200
.0463200
0161500

P(1)
«1247000
« 1206000
« 10880060
«0900400
« 0658800
+0389100
+ 0134000

npe1d

«U016330
«0016340
« 0016380
+ 0016480
» 0016850
0021880

nern)

+0012780
» 0012800
» 0012830
« 0012920
« 0013210
« 0017160

ner)

« 0010190
«0010200
« 0010210
«0010240
« 0010310
« 0010540
20013720
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DISTORTION =

ENTROPY =
M = 14
1
2
3
4
8
6
7

DISIBRTIBN =

ENTRUPY =
M = 15
1
2
3
4
5
6
7
8

DISIgrIIGN =

ENTHIPY =

i6

0140600

3.4810000

X{r)
« 0000000
22935000
«5959000
« 9180000
12770000
1.7030000

22820000
122300

3,5820000

x(1)

« 1369000
«4143000
« 7023000
10130000
1.3600000
17760000

23440000

« 0000000

20107400

$,6770000

x(1)
«Q0oooeo

Yip

« 1457000
«4413000
«7508000
1.0860000
1.4680000
1.,9390000
2.6250000

Y(I)

« (000000

«27 39000

« 5548000

«8511000
11750000
15460000
2.0060000
2.6810000

Y(I)
1284000

PiY)

¢ 1154000
« 1089000
« 0963300
« 0784200
20566000
« 0330300
« 0112500

P(1)

« 1089000
« 1062000
+ (0982800
« 0855100
0686900
«0490000
« 0283000
« 0095480

P{I)
«1019000

Dlty1)

« 0008263
« 0008267
« 0008278
« 0008302
« 0008360
« 0008553
«0011140

nen)

«0006790
«00GH791
« 0006795
«0006805
« 0006825
« 0006873
« 0007033
« 0009168

pen)
« 0005648



NS WN

DISTHRTION =

ENTROPY =

=
it

Fo

~

WENOCOULWUN-

DISTYRTION =

ENTROPY =

=
it
—
o

ENOCT D WN —

« 2582000
«5224000
« 7995000
1.0990000

14370000
18430000
244010000

«0095010

3,7650000

X{1)
e12150U0
e 3669000
6201000
« 88740060

11780000
150800060
190606000

244540000

« 000O00

Q084670

3,8490000

x{1l)
«00000LD
2806000
24653000
27091000
e 9680000

1.2510000
1.5730000
195630000

« 3880000
«6868000D
« 9423000
12560000
1.6180000

2.0690000
247320000

Yoer)

« 0000000
2430000
« 4909000
«7493000
1.0260000
1.3310000
1.6840000

21270000
27810000

Yo
«1148000
« 3463000
« 5843000
« 8339000

1.1020000
1.400000Q
1.7460000

2.1810000

« 0974200
« 0887100
«0761600
« 0604800
«0427100
« 0244500
«0081810

P(1)

« 0967000
« 0948200
«0892300
«0801800
«0680700
» 0535300
« 0374800
«0212800
» 0070660

PO
0911700
« 0879800
«0817100
« (726100
«0610500
«0476000
«0330700
»0186500

+ 0005650
« 0005654
» 0005662
» 0005679
« 0008720
« 0005654
« 0007639

pey)

0004749
+ 0004750
« 0004751
+ 000478585
» 0004762
« 0004777
« 0004811
2« 0004925
« 0006429

pen

« 0004031
« 0004032
« 0004034
« 0004037
« 0004044
20004056
« 0004086
«0004182
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9
DISTURTION =

ENTROPY =

=
n

s

0

O ®NOU B WN -

10

DISTGRTION =

ENTRUPY =
Moo= 20
1
2
3
4
5
6
7
8
9
10

DISTORTIGN =

2.5030000
«0075930

3,9280000

X(1)

« 1092000
« 3294000
« 5551000
27907000
1.0420000
13180000
1.6340000

2.0170000
25500000

» 0000000

«0068480

4,0030000

xX(1)

« 0000000
« 2083000
»A4196000
«6375000
»8661000
1.,1110000
13810000
1.6900000

2.0680000
25930000

«J062080

2.8260000

Yer)
»0000000
«2184000
«4404000
«6698000
9117000

1.1730000
1.4640000
1,8030000

2.2310000
2.8680000

Yii)
« 1038000
3128000
«5265000
« 7485000
«9837000
1.2380000
1.5230000
1.8570000

22790000
2.9080000

« 0061510

PLI)

« 0869600
« 0855900
«0815100
«0748700
«0659000
«0549500
« 0425300
« 0293500
«0164400
« 0053890

P(1)

«+ 0824900
«0801300
« 0754800
« 0686800
» 0599500
« 0496200
+ 0381500
«0261700
«0145700
« 0047520

« 0005464

n(r1)

+ 0003451
e 0N03452
« 0003453
+ 0003454
« 0003457
+ 0003463
« 0003474
+ 0003499
» 0003582
« 0004682

Der)
«0002978
« 0002978
« 0002979
« 0002981
«0002983
« 0002988
« 0002997
«0003G20
« 0003092
« 0004043
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DISTORTION =

ENTROPY =
M = 22
i
2
3
4
5
6
7
8
9
10
11

DISTORTION =

ENTROPY =

4.0740000

X(1)
«0991800
« 2989000
«5026000
7137000
¢ 9360000

11750000
14390000
1.7430000
21150000
26340000

« 0000000

«0056530

4,1410000

X{1)
20000000
« 1895000
e 3822000
e5794000
«7844000

1.0010000
1.2350000
1.4940000
1.7930000
2.1600000
2.6730000

» 0031700

4,2060000

Y1)

+ 0000000

«1984000

« 3994000

«6059000Q

«8214000
1.0510000
1.3000000
15790000
1.9070000
2.3230000
249460000

Y(I)
20946900
«2852000
«4792000
26795000
« 83893000

11130000
1.3570000
16320000
19550000
23650000
29810000

P(I)
«0790000
«0779700
«0749100
« 0699000
«0630800
+0546700
«0449600
« 0343700
« 0234400
0129900
« 0042130

PCIL)
20753200
«0735300
«0699800
« 0647600
0580300
0499700
« 0408600
«0310700
«0210900
«0116300
«003756Q

ey

« 0002587
« 0002587
« 0002588
« 0002588
«0002590
+ 0002592
« 0002596
«0002605
« 0002624
« 0002687
« 0003516

ner)

« 0002262
+ 0002262
« 0002262
20002263
+ 0002264
« 0002266
« 0002270
» 0002278
»0002295
» 0002350
« 0003078
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N
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X(1) Y(I) P(I) Do)

1 20908400 «0000000 «0723800 $0001989

2 $ 2735000 . 1817000 0715900 . 0001989

3 »4594000 «3654000 «0692300 .0001989

4 « 6507000 «5533000 » 0653600 «0001990

5 8503000 «7480000 «0600600 « 0001990

6  1.0620000 « 9526000 « 0534800 0001991

7 1.2910000  1.1720000 «0457900 0001993

B8 1.5460000 1,4110000 «0372500 0001997

9 1.840000C 1.6810000 .0281900 . 0002003

10 2.2020000 149990000 +0190500 «0002018

11 2.7100000 244050000 20104600 . 0002067

12 .0000000  3.0150000 «0033630 . 0002708
DISTORTION = .0047460
ENTRUPY = 4,2680000

M o= 24
X(1) Y(I) P(1) Dl

1 «0000000 0870700 » 0693000 «0001758

2 W 1746000 «2621000 0679000 0001758

3 « 3510060 « 4398000 «0651300 «0001759

4 «5311000 « 6224000 «0610500 0001759

5 . 7172000 «8121000 «0557500 «0001760

b $9121000  1.0120000 . 0493700 «0001761

7 141190000 142270000 L0420600 .0001762

8  1.3440000  1.4620000 »0340500 «0001765

9 1,5950000 1.7280000 0256600 0001771

18850000  2.0420000 0172700 «0001784

11 2.2420000 244430000 0094420 0001828

12 2.7450000  3.0470000 0030250 s 0002397
DISTHRTION = «0043720
ENTRUPY = 4,3270000
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DISTURTION =

X(I)
e 0838100
+2522000
»4230000
«5981000
27796000
«97010GC0
11730000
139400060
16410060
1.9270000
22810000
27790000
«0000000

« 0040410

4,3840000

x(h)
«+ 0000000
0 1615L00
« 3245000
«4904000
«6610000
« 83820060
1,0250000
ie«2240000
1.4420000
1.6850000
1.9670000
23170000
28110000

« 0037460

Y(I1)
« 0000000
e1676000
« 3368000
«5093000
«6870000
«8722000
1.0680000
12790000
15100000
17720000
20820000
244790000
30780000

Y(I)
« 805900
«2425000
«d4065000
«5743000
«7476000
«e 9288000
11210000
163280000
15850000
18140000
2.12100090
25130000
3.1080000

P(1)

« 0667900
«0661700
«0643100
« 0612500
« 08570600
0518200
« 34856500
«0387200
«0312200
« 0234200
« 0157000
« 0085550
« 0027290

P(I)
«0641700
«0630600
« 0608600
«08576100
« 08533700
«0482300
« 0422900
«0357200
«0286900
«0214500
« 0143300
0077780
«0024730

pep)

« 0001562
« 0001562
» 0001562
«0001563
« 0001563
e 0001563
« 0001564
« 0001566
« 0001569
« 0001574
+ 0001586
e 0001624
« 0002129

nen)

+0001394
« 0001394
e 0001394
« 0001394
«0001395
« 0001395
«0001396
« 0001398
«0001400
« 0001405
« 0001415
« 0001450
« 0001901
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X
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12
13

4.4390000

X(1)
e 0777800
02340000
e 3921000
« 5536000
e 720100V0
« 8935000
10770000
12720000
14860000
17260000
20050000
23520000
2.841 0000
«00000UuC

= 0034830

4,4920000

X(1)
«00000L0
« 1503000
04556000
«51310u0
e 7759000
« 9458000

11260000
1.31800200
1.,5290000
17666000
20420000
23350000

Y{I)
« 0000000
» 1856000
« 3124000
« 4718000
« 6354000
« 8048000
« 9823000
1.17100Q0
13740000
1.58990000
1.8540000
21570000
25460000
3.1360000

Y(n)

- «0750100
« 2256000
2 3779000
«5332000
«H6929000
« 8588000

10330000

1.2180000

1.4190000

1.6400000

18920000

21920000

25780000

P(I)

« 0620000
«0615000
«0600100
« 0575600
«0541900
« 0499500
« 0449400
0392500
« 0330200
« 0264300
0196900
«0131100
« 0070960
« 0022490

P(I)
«0597400
« 0588400
« 0570700
00544400
«0%10000
0468000
«0419300
« 0364900
«0305900
0244000
«0181300
0120300
«00064920

oo

« 0001249
«0001249
«0001249
« 0001249
«0001280
+ 0001250
« 0001251
0001281
«0001283
« 0001255
200012589
« 0001268
»0001300
20001705

g1

20001124
«0001124
« 0001124
+0001124
20001124
(3001125
» 0001125
« 0001126
£ 0001127
«0001129
20001133
+ 001141
20001169
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15

DISTORTION
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2.8700000

« 0032460

4,5430000

X{1)
«0725700
«2182000
« 3654000
+5153000
«6692000
« 82806000
« 9954000

1.1720000
13620000
15700000
1.8040000
20770000
2.4170000
2,8980000

» 0000000

«0030320

4,5920000

x(1)
« 0000000
« 1405000
«2820000
«4254000
«S718000
7224000
«8787000
1.0430000

31630000

Yei)
«0000000
«1451000
»2913000
24396000
+5911000
s 7474000
«9099000

1.0810000
12630000
1.4610000
1.6790000
1.9280000
242250000
2.6080000
3.,1890000

Y(1)
«0701600
«2109000
¢ 3531000
24977000
« 6459000
«7989000
«9885000

1.1270000

«0020510

P(LI1)

« 0578500
« 0574400
« 0562300
« 0542400
«0514900
« 0480200
+0438900
«0391800
« 0339800
« 0283900
«0225800
«0167300
«0110700
+ 0059570
0018760

P(1)
«0558900
« 0551500
«0537000
«0515400
« 0487100
«0452400
«0412000
«0366600

« 0001534

Den

« 0001015
«0001015
«0001015
«0001015
«0001015
« 0001015
«0001015
« 0001016
«0001016
«00048018
«0001019
« 0001023
«0001031
«0001086
« 0001386

per)

«0000919
+ 0000919
« 0000949
« 0000919
«0000920
« 0000920
« 0000920
« 0000920

31



32

9
10
i1
12
13
14
15

pisiprTIAN

ENTROPY =
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DISTGRTION

EnTRIPY =

1

1.,2160000

1.4040000

1.6090000

18400000
21100000
244470000
29250000

«UU28I90

4,63890000

X1}
« 0080100
e 2044000
e 3422000
«4821000
26253000
27729000
a 9263000
10870000
142H90000
124430U0Gu0
t«6460000
18750040

2.1420000
24760000
29510000

«0Q0BGR00

«UN26640

4,6850000

X{1)
«00N0D00

1.3060000
1.5010000
1.7170000
1.9630000
2.2570000
2.6370000
3.2140000

Yi1)
«00Q0000
«1360000
« 2729000
«4115000
5527000
68978000
«8479000

10050000
11700000
13470000
15390000
17530000
19970000

2.2880000.

26640000
3.2380000

Y1)
«0658900

« 0316900
«: 0264000
«0209400
« 0154700
«0102100
20054730
s 0017210

PO1)
20542200
« 0538900
«NB28900
2« 0512400
« 0483700
« 0460900
« 0426600
« 0387200
«0343400
« (1296000
«0246000
« 0194600
«0143400
« 0094420
« 0050540
-0015840

P(1)
« 0525000

«0000921¢
« 0000922
« 000923
20000927
« 0000934
« 00005957
« 0001256

Oe1)

« 0000835
0000835
«0000DA835
2 0000835
« 0000836
«Q0008&36
+0Q00R 36
« 0000836
0000836
0000837
«03000838
0000839
« 0000842
« 0000”49
« 0000870
20001142

ner)
« 0000761



OEBENOOABWN

DISTORTION =

ENTROPY =

4
]

(7]

(]

CENDU B GIN -

«1320000
«26470G00
+ 3990000
« 5358000
«67600N0
« 8208000
«9717000
1.1300000
12990000
1.4810000
1.6820000
1.9080000
2.1730000
2.504000G0
2.,9760000

«0025050

4,7300000

X(1)
R3990
e 19230400
« 3217000
«4529000
5868000
« 7243000
eB866H600LN

1.0150000
11710000
13380000
15180000
17160000
1.5400000
220030000
25310000
3.0000000
« 0000000

01981000
« 3314000
« 4667000
« 8049000
«7471000
«8946000
10490000
12120000
138600000
15760000
17870000
2,0290000
23180000
26910000
32610000

Y(I)
« 0000000
» 1280000
2567000
« 3868000
«5191000
« 6546000
«7941000
«9390000
1.0910000
1.2520000
144240000
1.6120000
18200000
2.0600000
243460000
27170000
32830000

« 0518900
« 0506800
« 0488900
«0465300
«0436400
+ 0402600
20364300
« 0322200
« 0276900
=+ 0229600
»0181100
«0133200
« 0087490
« 0046720
«0014610

P(1)
«0810200
« 0507400
«0499100
« 0485400
«0466400
« 0442300
« 04133500
«0380200
20343100
« 0302600
« 0259500
»0214600
« 0168900
« 0123900
« 00081240
.0043290
. 0013500

« 0000761
« 0000761
« 0000761
« 0000762
« 0000762
« 0000762
«0000762
«0000762
« 0000763
+ 0000764
« 0000765
« 0000768
« 0000774
«0000793
«0001042

e

« 0000696
« 0000696
« 0000696
«0000696
« 0000696
«0D006GO
» 3000696
« 0000696
« 0000697
« 0000697
« 0000697
« 0000698
«0000699
«0D00702
«ON0V707
«JOQ0725
« 0000953
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«DUZ235%90

4.7730000

X(1)
« 0000000
« 1244000
» 2494000
« 3758000
« 5042000
«eH354000
e 7704000
« 9103000
10560000
1.2100000
13750000
15530000
1.,7490001)
19710000
223100000
25580040
30230000

«UN22260

4,8150000

X¢I)
0604200
« 1816000
2 3035000
e 4272000
«3529000
«HA817000
«e8144000
« 9521000

Y(1)
0621100
« 1867000
« 3122000
«e4394000
« 85690000
« 7018000
« 8389000
« 9816000

11310000
12900000
1.4600000
16450000
1.8520000
2.,0890000
23740000
27420000
3. 3040000

Y(1)

« 0000000
e 12080010
« 2423000
e 3649000
«4894000
« 6165000
e 7470000
8818000

P{1)

« 0434900
« 0489900
«A79700
«0464700
« 0444900
20420500
« 0391900
« 0359400
« 0323500
« 0284600
«0243500
«0200900
£ 0157800
+0115500
«0075580
« 0040190
«0012510

PLI)

+ 0481800
« 0473400
2472400
«0460900
« 0444800
«e0424400
« 0400000
«0371700

per)

« 0000638
« 0000638
» 0000638
« 0000638
20000638
«00D063
» 0000638
« 0000638
0000638
e 0000639
20000639
« 3000640
0000641
20000643
20000648
«0000664
«D000R7 4

Do)
«0N00N586
«ON0NB86
« 0000586
» 0000586
« 0000586
+ 0000586
0000586
+ 0000586



G
10
i1
12
i3
14
i5
16
17
138

DISTURTIGN =

ENTHOPY =

X
n

]

o>

O XN R B N -

DISTORTION =

ENTRIPY =

10960000
12480000
14100000
15860000
176500000
200002000
22590000
25830000
3.0460000

+» 0000000

«U021040

4,8560000

X{I)
«300U000
« 1176000
¢ 2358040
« 3551000
«47610J0
«e599H000
« 7260000
« 8565000
«9921000

1.134000G0
12840000
14450000
1.,6190000
1.8110000
2.0290000
228600430
2.6070000
320670000

0019910

4,89535000

1.0220000
1.1700000
13260000
14950000
16780000
1.8830000
2.1180000
2.4000000
27660000
3.3250000

Yoo
« 0587500
« 1765000
22951000
«+4151000
«5371000
«6618000
+ 7501000
29229000
1.0610000
12070000
13610000
1.83280000
1.7100Q00
1.9120000
21450000
2.4260000
2.7890000
33460000

«0340000
« 0305300
20268000
« 3228700
« 0188300
« 0147700
«0107900
«0070440
«0037380
« 0011610

P(1)

. 0468200
« 0463900
« 0455300
«0442600
20425700
« 0405000
« 0380600
20352800
«0322000
«0288400
« 0252600
0215200
+0176800
0138400
« 0100900
0065770
20034840
0010800

« 0000586
« 0000586
« 0000587
« 0000587
« 0000588
« 0000589
« 0000501
+ 0000595
« 0000610
0000803

L)
«0000540
« 0000540
« 0000540
« 0000540
« 0000540
+ 0000540
« 0000540
« 0000540
«Q000540
« 0000540
« 2000540
20000544
« 0000541
«0000542
« 0000544
« 0000548
« 0000562
« 0000740
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X¢1)
«DB72300
«1719000
02874000
«4042000
«5228000
«6440000
«7684000
« 8966000

1.0310000
11710000
1,3190000
14780000
1.6500000
18400000
2.0570000
23110000
26310000
30880000

« 0000000

= .0018880

4,9340000

X(I)
» 00000400
«1116000
«2236000
« 3366000
«4510000
«5675000
«6866000
«8090000
«9356000
10670000

Yi1)
«0000000
« 1145000
02294000
3454000
24629000
«5827000
07052000
«8315000
9623000

10990000
1.2430000
13950000
1.5600000
1.7400000
1.9410000
2.1720000
2.4500000
2.8110000
3.3650000

Y(1)
«0857300
1674000
« 2798000
¢ 3934000
«5087000
+ 6263000
« 7468000
8711000

10000000
11350000

P(1)
«0456400
« 0454400
«0448400
«0438600
«0424900
+ 0407500
«0386600
20362400
«0335100
«0305100
«00272700
«0238400
«0202700
«0166300
«0129900
«0094550
« 0061510
» 0032520
«0010060

P(I)
«0444200
«0440500
« 0433200
20422300
«0407900
+ 0390100
0369200
«0345200
«(0318600
« 0289400

Den)

« 0000498
e 0000498
«0000498
+ 0000498
« 0000498
+ 0000498
« 0000498
« 0000498
« 0000498
+ 0060498
»0000408
» 0000499
« 0000499
2+ 0000500
« 0000500
«0000502
« 0000506
«D000519
« 0000682

D(1)

« 0000461
«0000461
« 0000461
+ 0000461
« 0000461
« 0000461
« 0000461
« 0000461
«0000461
0000461
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DISTGRTIAGN =

ENTROGPY =

12060000
143520000
15090000
16800000
18690000
20830000
23360000
26540000
J«1090000

«0017920

4,9720000

X(I1)
« 0543600
« 1633000
2729000
« 3836000
« 4958000
«6103000
7274000
+8480000
«9728000
11030000
1.2400000
13850000
1.5400000
1.71090000
1.8960000
2,1090000
2,3600000
26760000
31290000
» 0000000

«1017030

5,008G000

1.2770000
14280000
1.5910000
17690000
19690000
2.1%80000
24740000
2.8330000
3.3840000

Y(I)
« 000000
« 1087000
«2179000
« 3279000
«4392000
«5H24000
«6681000
« 7867000
« 9092000
1.0360000
11700000
1.3100000
1.4530000
1.6210000
1.7970000
19950000
22230000
24970000
2.8540000
324030000

«0258200
«0225300
«0191200
0156600
«0122100
«0088720
0087620
«00N30410
«0009389

PC1)
-0433500
+ 0431800
« 0426700
«e0418200
«0406500
«U361600
«0373600
«0352700
20329100
«0303000
« 0274700
« 0244600
«0213100
« 0180500
«0147600
+0114900
20083370
« 0054060
«0028480
.0008778

20000461
«J000461
« 0000462
« 0000462
« 0000463
« 0000464
« 0000468
« 0000480
« 0000631

e

s 0000427
20000427
« 0000427
« 0000427
« 0000427
20000427
« 0000427
20000427
20000427
«0000427
« 0000427
« 0000427
«NU00427
« Q000428
« 0000428
« 0000429
« 0000430
«0D00U434
«0000445
« 0000585
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DISTBRTIGN =

ENTROPY =

X(1)

« 0000000
«1061000
+2126000
« 3199000
4285000
«5388000
«6513000
e 7666000
28855000
1.,0090000
1.1370000
1.2720000

1.4160U000

1.5700000
17370000
1.9230000
241340000
243840000
26970000
3+1480000

«0016210

5,0440000

Y1)
« 0530000
« 1892000
« 2660000
« 3738000
«4831000
25944000
« 7082000
»8251000
«+ 9459000
1.0710000
1.2030000
13420000
14900000
1.6500000
18250000
2.0210000
222470000
245200000
28750000
34210000

P(1)
«0422500
20419300
« 0413000
«04037Q0
« 0391200
«0375900
« 0357800
«0337000
«0313800
« 0288400
« 0261000
« 0232000
«0201800
«0170700
«0139300
0108300
« 0078450
«» 0050790
«N026720
« 0008219

De1)

« 0000396
« 0000396
«0000396
«0000396
« 00003986
« 0000396
« 0000396
«0000396
» 0000396
« 0000396
« 0000387
« 0000397
«0000397
0000397
«0000398
» 0000398
« 0000400
» 0000403
+ 0000413
« 0000543
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28
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DISTORY LGN

ENTKUPY =

128

xX(1)
2« LUQLGOU
66aR D)
» 1331000
19980060
226690100
e 33464000
4024000
«4710000
254603000
6106000
«HB1800U
e 75943000
L8280 LLL
# Q033000
«98040C0LY
1 CHYLOLO
12250000
13120L00
14020000
fed9hLONO0
19950000
1« 7000L0UGU
18110000
19800000
2.0D90000U
22010000
2e3000I00C0
25410000
275600000
302600050
40,6000

SLiUB462

“Ra.7180000

Y(1)
20332300
0897300
«1664000
« 2333000
« 3005000
3682000
s 4365000
«H054000
«B752000
6459000
«7177000
« 7908000
«&653000
« 9414000

10190000
11000060
1.1820000
1.2670000
13560000
14480000
15450000
16460000
17540000
18680000
199200060
2.1270000
22760000
24440000
26380000
2e874C0Q00Q
3.1780000
J.6330000

PLI)
«0265000
« 0264200
wU262700
060300
« 0257200
«0253400
« 0248800
« 0243500
20237400
«0230700
« 0223300
«0215200
« 0206500
« 0197300
0187500
0177200
«0f60a0
(0155200
« 0143600
«O0131800
«+ 0119700
+010740C
» 0085090
0082780
0070600
«D0B8070
e 00047140
0036160
« 0026000
«DO1BEED
« 0009090
» 0003300

ue1)

« Q000098
« 0000098
« 0000098
« 00 0Q00G8
« 0000098
« 0000098
«00000NQ8
+0000098&
« Q000098
«DDO0098
« 1000098
«0O0G0098
« 0000098
« 0000098
+ 0000098
0000098
« 0000098
« 20000 S8
«000U00GS8
« 0000068
300009 H
» 0000098
+ 0000098
« 0000098
2wOU0U098
« 0000098
« G098
«00000G8AR
« 0000098
«0NUD099
«0G00L101
«NO00198

39



40

-

—
N} e

13

LRSIV I e il
OO NOTUN

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

(1)
0000000
e 0331900
(668000
f0G9630:0
» 13290G0
o 1662600
«199600C
» 23300600
22666000
« 002000
e 3340000
f 3678000
« 4019000
L 4360000
e A70400U
e 5049000
«539700C
e 5746000
«6C9B000
26452000
6810000
7370000
« 7533000
e 7899000
28269000
« 8643000
«UZ21000
9404000
«97931000

1.0180000
1.G8580000
1.098000C
11390000
1.1810000
12230000
1.26600060
131000060V
1.35400060
1.4000000
1.4460000
14940000

Yinp
«0166000
+ 0497900
« 08306000
21162000
¢ 1495000
« 1829000
»2163000
«2498000
« 2834000
«3171000
« 3509000
« 3848000
«4189000
» 4532000
«4876000
= 5222000
«5571000
«5921000
«6275000
«6630000
« 68989000
« 7350000
«7715000
« 8083000
« 8455000
« 8831000
«9211000
+ 9596000
« 9985000

1.0380000
1.0780000
1.,1190000
1.1600000
1.,2020000
1.,2440000
1.2880000
1.3320000
1.3770000
1.,4230000
1.,4700000
1.5180000

PCL)
«0132400
«0132300
«0132100
+0131800
«0131400
«0130900
«0130400
0129700
«0128900
«0128000
«0127100
« 0126000
«0124900
«0123600
»0122300
«0120900
« 0119400
«0117800
«0116100
»0114400
«0112500
«0110600
« 0108600
«0106500
« 0104300
20102100
« 0099790
« 0097410
20094960
«0092460
« 0089880
«0087250
« 0084560
«0081820
» 0079030
« 0076190
0073310
«0070390
« 0067430
« 064440
»0061420

nen)

«0000012
«0000012
« 0000012
« 0000012
« 0000012
« 0000012
» 0000012
« 0000012
« 0000012
« 0000012
« 0000012
« 0000012
« 0000012
« 0000012
« 0000012
0000012
« 0000012
« 0000012
« 0000012
0000012
0000012
«00GLOL2
0000012
« 00000182
« 0000012
« 0000012
«0OO0012
« 0000012
« 0000012
« 0000012
+ 0000042
20000012
« 0000012
« 0000012
» 0000012
« 0000012
« 0000012
2000002
0000012
«000GCULL2
» 0000012



42
43
44
a5
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

DISTURTIGN =

ENTROPY =
M= 256
1

2

3

4

5

6

7

8

g

10

1,5430000
15930000
1.6440000
1.6970000
1.7510000
1.8080000
1.8660000
19260000
1.9890000
20850000
21240000
241960000
22720000
23530000
2.4400000
2.5330000
2.6340000
27450000
2.8680000
3.0080000
3.1720000
33700000
3.6290000

«0001713

6.,7200000

X(1)
«0000000
«0165900
«0331800
+0497800
« 0663800
« 0829900
« 0996000
01162000
» 1329000
«1495000

1,5670000
1.,6180000
1.6700000
1.7240000
1.7790000
1.8360000
1.8960000
1.9570000
2,0210000
2.0880000
241590000
22330000
2.3110000
2.3950000
24840000
2.5810000
2.6860000
2.8030000
2.9330000
3.0830000
32610000
3.4800000
3.7770000

Y1)

« 0082950
« 0248900
«0414800
« 0580800
«0746800Q
08912900
» 1079000
«1245000
«1412000
«1578000

« 00586380
« 0055330
« 0052260
20049180
«+ 0046100
«0043030
« 00395970
« 0036930
20033920
« 0030940
«0028010
«0025130
« 0022310
«00196570
« 0016920
«0014370
«0011940
« 0009650
«0007515
« 0005562
« 0003821
«0002328
«0001424

PLD)
0066190
0066170
« 0066150
066110
0066060
« 0066000
«0065930
+ 0065850
0065750
« 0065640

« 0000012
«0000012
« 0000012
» 0000012
» 0000012
« 0000012
« 0000012
» 0000012
« 0000012
« 0000012
» 0000012
« 0000012
« 0000012
« 0000012
« 0000012
«0000012
« 0000012
« 0000012
« 0000012
« 0000012
« 0000082
» 0000012
« 0000090

Ler)
«Q0O000N2
«CO00002
« 0000002
« 0000002
« 0000002
«00G0002
« 0000002
« 0000002
« 0000002
« 0000002

41



42

i1

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

«1662000
«1828000
+1995000
«2162000
2330000
«2497000
«2665000
+ 2833000
« 3001000
+3170000
« 3339000
« 3508060
« 3677000
«e3847000
«4018000
«4188000
«4359000
24531000
«4703000
«4875000
«5048000
«5221000
«5395000
+5569000
e5744000
«5920000
« 6096000
«6273000
«6451000
+662%000
«6808000
«6987000
« 7168000
«7349000
«7531000
«7713000
«7897000
«8082000
«8267000
«8453000
8641000
«8829000

+1745000
«1912000
«2079000
+2246000
»2413000
+2581000
«2749000
2917000
«3085000
«3254000
+ 3423000
«3593000
«3762000
3932000
«4103000
«4274000
«4445000
+4616000
+4789000
«4961000
+5134000
«5308000
«5482000
+5657000
.5832000
6008000
+6184000
+6362000
« 6539000
«6718000
«6897000
«7077000
«7258000
«7439000
27622000
«7805000
+7989000
«8174000
3360000
«8547000
«8735000
+8924000

«Q065520
«006539C
20C65240
20065080
0064910
D647 30
0NA4540
064340
W 0064120
«0N63890
+C0ARIGBD
«DA3AL00
«D0E3140
«COB28RD
wOOB2580
20082280
CDK1970
061650
061320
«UDBOG70
0060620
«C0BN2B0
«0N59880
« 0059490
» 0059060
«OOBREAD
+NOBR26C
200657830
«0NB7360
«NLKB940
0056480
00356010
«QO035530
«0NBH04C
JONBA4A540
«0103402¢C
0033500
«C052970
20052430
0051880
20081320
«CNBQ760

20000002
0000002
LON00002
OD0G002
SOR00002
0000002
SOCON00N2
« 0000002
0000002
0200002
«0N0C002
« 0000002
2000002
« Q00002
000002
w000Q00G2
2OOCDU02
0000002
«NO00002
« 0000002
« 0000002
« 0000002
«0N0G002
SO000002
«00000N2
20000002
«00C00002
00000202
£2000002
0000002
00002
«DDQ0ON2
LONO00N2
Q000G 2
0000002
« 0000202
2 O0O0002
0000002
000002
2000002
2CON00N02
0000002



53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
a2
a3
a4
85
86
87
88
a9
90
91
92
93
94

« 9019000

« 9209000

9401000

«9594000

«92788000
« 9983000
1.0180000
1.,0380000
1.0580000
1.0780000
1.0980000
1.1180000
1.1390000
11590000
1.1800000
1.2010000
1.2230000
1.2440000Q
1.,2650000
1.2870000
13090000
1.3310000
1.3540000Q
1.3760000
1.3990000
1.4220000
14460000
1.4690000
1.4930000
1.5180000
1.5420000
15670000
1.5920000
16180000
1.6430000
1.,6700000
1.6960000
17230000
1.7510000
1.7780000
1.8070000
1.8360000

«9114000

« 9305000
29437000
« 9690000

« 9888000
1,0080000
10280000
1.0480000
1.0680000
1,0880000
1.1080000
11290000
1.1490000
1.1700000
1.1910000
1.,2120000
1.2330000
i.2550000
1.2760000
12980000
1.3200000
13430000
1.3650000
1.3880000
1.4110000
1.4340000
1.4580000
1.4810000
1.5050000
i.5300000
15340000
15790000
1.6050000
16300000
1.A560000
1.6430000
1.7100000
17370009
1.7640000
1.7930000
1.8210000
148500000

« 0050180
« 00439590
« 00049000
«(i0N484Q0
«(014779C
« 047170
«GN46540
2 0NABYL0
2N0A%260
« 00144610
«0N43960
«0C43290
« 0042620
041940
«(N41260
«0C40570
20039870
dU039160
«0038460
Q037740
2037020
«31136290
wUO3BS60
20034830
20034090
« 0033350
20032600
«O0031850
20031100
«00N30340
20029580
00028820
+0N28050
20027290
«NN26820
fU25750
«0024980
01124220
s NV23450
«0022680
«(N21910
«{3021140

« Q00002
« 0000002
«N000CG02
«0000G02
«00C0ON02
« 0000002
2000002
«QO0C002
« 0000002
2000002
«0000002
«NO00002
«N0O00002
Q000002
«CO00N02
« 0000002
« Q000002
«3000002
«QU00002
« 0000002
«0000002
0000002
« 0000002
L QUCO002
0000002
000002
« 0000002
« 0000002
« 0000002
«0NONG02
«0N0DQ0CN2
« 0000002
« 0000002
«00N00N2
« 0000002
s NO00O002
» 0000002
«00N0N02
«0000002
» 0000002
«NOO0002
Q000002
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44

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
i2t
122
123
124
125
126
127
128

DISTORTIBN =

ENTROPY =

1.8650000 18800000
18950000 15100000
1.9250000 1.9410000
1.9560000 1.9720000
1,9880000 2.0040000
2.0210000 2,0370000
2.0540000 2.0710000
2.0880000 2.1050000
2.1220000 2.1400000
2.1580000 21760000
21950000 2.2130000
242320000 2.2510000
242710000 242900000
2.3100000 2.3310000
23520000 2.3720000
23940000 2.4130000
2.4380000 2.4600000
2.4830000 2.5070000
2.5310000 2.5550000
2.5800000 26050000
26310000 2.68%80000
2.6850000 27130000
27420000 267710000
2.8020000 2.8320000
2.8650000 28970000
249320000 2.9670000
3.0040000 3.0420000
3.0820000 Je1220000
3.1660000 3.2110000
3.2590000 3.3080000
3.3630000 3.4170000
34790000 3.5420000
36150000 3.6880000
37770000 3.8670000
«0000501
77200000

« 0020380
20019620
«0018860
«0018100
200173580
20016600
+ 0015850
«0015120
«0N14380
20013650
« 0012930
0012220
« 0011520
« 0010820
«0010140
«00NS4ES
+0008802
20008151
0007514
«0LUN689Y
«00N6284
« 0005693
20ON05119
«10N4565
s OC04031
«0003518
+ 0003030
0N2566
20002130
«0N01724
«C3013459
«C001010
«00Q0709
JO0ON0N792

« 0000002
+ 0Q00002
+ 0000002
« 0000002
«0000002
« 0000002
« 0000002
«0Q00Q002
» 0000002
0000002
0000002
«00000N2
« 0000002
« 0000002
« 0000002
« 0000002
+ 0000002
« 0000002
« 0000002
«OCG00002
«000Ccon2
» 2000002
« 2000002
«N0000C2
« 0000002
«0DC00C2
« 0000002
s 000GN02
«QNoQCo2
.0000602
«NOCCO02
« 0000002
« 0000002
«NOGA0S7



TABLE 10.—- OPTIMUM QUANTIZATION LEVEL SPACING FOR EXPONENTTIAL PDF

M o= 1
1
DISTORTIGN =

ENTROPY

DISTORTIGN =

ENTROPY

—

DISTBRTISN =

ENTROPY

N =

a
Value derived by direct computation, not by the Max algorithm.

WITH MEAN SQUARE ERROR

X(]) Y(I) .
.0000000% .0000000
1.000%
.00000302
X(1) . Y(I)
. 0000000 70712
. 50002
1.0000020
X(1) Y(I)
.7062000 .0000000
.0000000 1.4120000
.2622000
1.3240020
X(1) Y(I)
.0N00000 .4193000
1.1250000 1.8310000

P(I) a
1 .0000000

P(I) a
«5000000

P(I)
«6279000
«1860000

PCI)
. 3981000
«1019000

B(I)
.50002

D(1)
25002

DeI)

.0800800
.0910800

D(I)

.0371700
.0500800
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46

NISTBRTIBGN

ENTRBPY

DISTBRTIGN

ENTROPY

DISTBRTIBN

ENTROPY

DISTORTION

ENTROPY

[8)]

1
2
3

6

1
2
3

B W N -

.1745030

1.7290030

X{I)
«4190000
1.5430000
.0000000

.1184020

1.95200230

X(I)
.0000000
«7177000

1.8400300

.0885630

2.2100030

X{1)
.2989000

1.0160000

2.1360000

.000000G0

.0669230

2,3800020

Y(I)
.0000000
«8379000

2.2480000

Y(I)
«2992000
1.1360000
2.5430000

Y1,
.0000000
«5979000

1.4340000

2.8390000

P(I)
«4457000
«2200000
«0570800

P(I)
«3188000
.1441000
«0370700

P(I)
«3441000
.2083000
«0944700
.024/7000

p(r)
.0223800
.0205000
«0274800

D(1)
«0130100
«0133900
.0178800

D(I)
.0092040
-0085040
.0087560
.0116000



X{1)

1 .0000000
2 .5311000
3 1.2470000
4 2.3640000
DISTORTIBN = ».0533300
ENTROPY = 2.5700030
M = 9
X(1)
1 «2325000
2 «7632000
3 1.4780000
4 2.5930000
] .0000000
DISTORTION = .0428530
ENTROPY = 2.7080000
M = 10
X{I)
1 .0000000
2 «4225000
3 «9523000
4 1.6660000
5 2.7770300
DISTARTIAN = .0356130
ENTROPY = 2.8580030
M o= 11
X(I1)
1 .1901000
2 .6121000

Yo
»2326000
.8296000

1.6640000
3.0640000

Yin

. 0000000

.4650000
1.0610000
1,8950000
3.2920000

Y(I)
«1903000
.6546000

1.2500000
2.0810000
3.4720000

Y(I)
.0000000
« 3803000

P(I)
«2641000
«1502000
«0680700
«0176700

PCI)
«2798000
«1900000
«1081000
»0490400
«0129700

P(I)
2249000
«1451000
«0826200
.0375600
«0098540

P(1)
«2355000
«1717000

D(I)
.0060370
«0060960
.0062750
.0082600

p(eI)
«0046380
.0043370
«0043790
.0045070
«00588140

D(I)
.0032860
.0033010
.0033320
.0034290
.0044550

D(1)
.0026520
.0025040
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48

o AW

DISTORTIBN

ENTROPY =

DT B GN -

DISTBRTISN

ENTROPY =

N O U BN -

DISTORTIGN

ENTRBPY =

1.1410000
1.8530000
2.9610000

.0000000

2.9740000

X(1)
.0000000
.3510000
«7725000

1.3010000
2.0120000
3.1160000

3.0980030

X(1)
.1608000
.5114000
.9323300
1.4600000
2.1680000
3.2670000

.0000000C

3.19900020

X(1)

.0297100

.025%4520

.0218020

.8440000
1.4380000
2.2680000
3.5530000

Y1)
.1610000
«5409000

1.0040000
1.5980000
2.4250000
3.8060000

Y1)
.0000000
«3217000
»7011000

1.1630000
1.7560000
2.5810000
3.9540000

Y(I)

«1108000
«0631800
.0287700
«0077320

P(I)
«1956000
«1367000
.0882600
.0503500
«0229700
.0061G20

P(I)
«2033000
«1557000
».1088000
.0703200
.0401700
.0183700
«0050190

P(I)

.0025150
.0025390
«0026120
.0033590

D(1)
.00198490
»0019890
«0019970
.0020160
.0020740
.0026640

D(I)
.0016560
.0015750
.0015780
.0015850
«0016000
.0016460
.0020860

D)



N

N

DISTBRTIAEN

ENTRBPY =

XN OU B W)

DISTORTISN

ENTRBPY =

X
]
-
o

B N U B GNP

DISTORTISN

.003000¢0C
. 3001000
.6302000
1.0700000
1.5970000
2.3040000
3.3980000

.0190520

3.3050030

X(1)
.1394000
«4394300
7892000
1.2090000
1.7350000
2.4410000
3.5330000

.0000000

.0166930

33930030

X{1)

. 0000000

.2623000

«56189000

.9111300
1.3300000
1.8550300
2.5580000
3.6430000

.0148100

1395000
«4608000
.8397G00
1.3010000
1.89203000
2.7150000
4.0810000C

Y1)
.0000000
.2788000
.5999000
.9785000

1.4400000
2.0300000
2.8510000
4.2140000

Y(I)
.1231000
.4015000
«7221000

1.1000000
1.5600000
2.1490000
2.9670000
4.3200000

«1729000
«1277000
.0893200
«0577600
«0330300
.0151400
.0040920

P(L)
«17838000
.1419000
«1048000
«0733300
.0474400
«0271300
.0124600
.0034560

P(I)
«1549000
«1192000
.0880500
«0616300
.03991060
.0228800
.0105300
.0028920

.0012870
.0012890
.0012920
.0012970
.0013090
.0013460
.0017050

D(I)
.0011030
.0010550
«.0010560
.0010590
.0010630
.0010730
+0011030
.0013840

D(I1)
.0008821
»0008830
.0008842
.0008863
.0008901
»0008984
.0009231
.0011590
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50

ENTRBPY =
M = 17
1
2
3
4
5
6
7
8
9

DISTORTIASN

ENTRBPY =
M = 18
1
2
3
4
5
6
7
8
9

DISTBRTISBN

ENTRSPY =

N =

3.4850000

X(1)
«1229000
. 3847000
«6837000
1.0320000
1.4530000
1.9730000
2.6730000
3.7510000

.0000000

= .0131200

3.5650030

X0I)
.0000300
.2327000
«4943300
«7929300

1.1410000
1.5580000
2.0800000
2.7780000
3.8500000

= .0117920

J.6470030

X1
« 1099300
«3424000

Yin
.0000000
.2457000
«5237000
.8437000

1.2210000
1.6800000
2.2660000
3.0800000
4.4210000

Y1)
.1100000
« 3355000
.6331000
«9527000

1.3290000
1.7870000
2.3720000
3.1830000
4.5170000

Y(I)
.00000600
.2198000

P(I)
«1594000
1301000
.1001000
»0739800
.0518300
.0336100
«0193000
.0089240
«0025420

P(I)
«1402000
«1112000
«0856100
«0633200
«0443300
.0288000
«0165700
«0076800
.0021590

P(I)
«1439000
«1199000

D(I)
.0007679
.0007380
.0007387
.0007398
.0007415
.00074456
«0007515
.0007718
.0009507

D(I)
»0006295
.0006299
.0006305
«0006313
.0006328
.0006355
.0006413
. 0006584
.00080841

G
.0035571
«0005375



DISTBRTISBN

ENTRBPY

DISTARTIASN

ENTRBPY

O OWINOOU B W

—

N
@)

OO XN U BWN -

e

N
—

T NOU B W

«60370300
«9020000
1.2490000
1.6660000
2.1860000
2.8830000
3.9500000
.0000000

.0106030

3.7180000

X(L)
.0000000
«2093000
«4415000
.7025000

1.0000000
1.3470000
1.7630000
2.2820000
2.976000N
4,0370300

.0296550

3.79200380

X(I)
.0994100
.3085000
«5406000
.8013000

1.0990000
1.4450000
1.8600000
2.3790000

.4650000

.7424000
1.0620000
1.4370000
1.8950000
2.4780000
3.2870000
4.6130000

Y(I)
.0994800
.3190000
«5640000
.3410000

1.1600000
1.5350000
1.9910000
2.5730000
3.3780000
4,6960000

Y(in
.0000000
.19880G0
.4182000
.6630000
«9397000

1.2580000
1.6330000
2.0880000

.0951800
«0732700
.0542200
.0380200
.0246900
«0142200
.0066080
.0019200

PCI)
«1281000
.1041000
«0826400
.0636400
.0471200
.0330700
.0214900
»0124000
«0057790
.0016570

P(I)
«1311000
.1112000
.0904300
.0717900
.0552900
«0409500
.0287500
.0187000

.0005379
.0005383
.0005391
.0005403
.0005426
.0005475
.0005620
«0036777

i)
.0004653
.0004655
.0004658
.0004663
.0004669
.0004680
.0004699
.0004741
.0004865
.0005994

D(1)
.0004169
.0004035
.0004037
.0004039
.0004043
.0004049
.0004058
.0004075
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9

10

11
DISTORTIGN

FNTROPY =

X
1}
N
[\V]

O WX NOUL A WN -

— pma

NISTOBRTISN

ENTRSBPY =
M = 23
1

2

3

4

5

6

7

8

9

i0

11

12

3.0710000
4.1280000
.0000000

= .0087730

3.8560030

X(1)
.0000000
«1899000
« 3986000
«6301000
«8902000

1.1870000
1.5320000
1.9450000
2.4610000
3.1480000
4.1930000

= .00801560

3.92500230

X(1)
.0906500
«2804000
.4889000
«7202000
«9800000
1.2760000
1.6210000
2.0340000
2.5480000
3.2330000
4.2740000

.0000000

2.6690000
3.4720000
4.7840000

Y(I)
.0907200
«2891000
.5081000
.7522000

1.0280000
1.3450000
1.7190000
2.1720000
2.7500000
3.5460000
4,8400000

Y(I)
.0000000
«1813000
« 3796000
.5983000
.8422000

1.1180000
1.4350000
1.8070000
2.2600000
2.8360000
3.6300000
4,9170000

.0108000
«0050440
«0014940

P(I)
.1178000
.0976800
«0794500
.0631100
.0486500
.0360600
«0253500
.0165200
.0095720
«0044990
«0013290

P(I1)
«1203000
1035000
.0858800
.0698700
«0555100
»0428000
.0317400
«0223300
«0145600
.0084470
. 0039800
«0012170

.0004111
.0004217
«0005103

De(r)
.0003528
«0003529
.0003531
.0003533
.0033536
.0003541
.0003549
.0003563
.0003594
«0003685
.0004493

D(I)
.0003191
«0003096
.0003097
-0003099
.0003101
«0003103
.0003108
.0003115
.0003127
»0003155
.0003233
.0003859
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DISTBRTIGN
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= .0073380

3.9840090

X(1)
.0000000
«1740000
« 3636000
«5719300
«8030000

1.0620000
1.3580000
1.7030000
2.1140000
2.6270000
3.3100000
4,3450000

= .0067840

4,0450000

X(I)
.0833800
«2573000
.4467000
«.6548000
.8857000
1.1450000
1.4400000
1.7840000
2.1950000
2.7070000
3.3880000
4,.,4180000

.0000000

Y(1)
«0834400
.2646000
«4627000
.6812000
«9248000

1.2000000
1.5160000
1.8890000
2.3400000
2.9150000
3.7060000
4.9840000

Yon)
.0000000
.1668000
« 3478000
.5457000
«7640000

1.0070000
1.2820000
1.5980000
1.9700000
2.4210000
2.9940000
3.7820000
5.0540000

P(I)
«1091000
.0919500
«0762800
.0620800
«0493300
.0380500
.0282300
.0198700
.0129700
.0075360
.0035610
.0010720

P(T)
«1112000
.0968800
.0816800
«0677700
.0551600
.0438500
«0338300
«0251100
.0176800
«0115500
.0067210
.0031840
«0009935

B(I)
.0002744
.0002745
.00027456
.0002747
.0002749
.0002751
.0002755
.0002761
.0002772
.0002796
.0002865
.0003489

D{I)
.0002502
.0002434
.0002434
.0002435
.0002436
.0002438
«0002440
.0002443
.00024409
.0002459
»0002480
.0002540
.0003017
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DISTBRTION

ENTR8PY =
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O X®NO U N -

10
11
12
13

NISTORTIGN

ENTRBPY =

O ® N U & WIN P

10
11
12
13
14

= .0062510

4.1000000

X(I1)
. 0000000
.1603000
« 3337000
«5227300
.7301300
«9602000
1.2180000
1.5130000
1.8550000
2.2630000
2.7710000
3.4450000
4.4580000

= .0057820

4.15900230

X(1)
«0771800
«2376000
«4112000
«6003000
.8080000
1.0380000
1.2970000
1.5910000
1.9340000
2.3430000
2.8530000
3.5280000
4.5470000

.0000000

Y(I)
«0771300
2435000
«4240000
«5213000
.8389000

1.0810000
1.3550000
1.6700000
2.0390000
2.4870000
3.0550000
3.8340000
5.0820000

y(I)
.0000000
»1544000
« 3209000
.5015000
.6991000
.91639000

1.1600000
1.4340000
1.7490000
2.1190000
2.5680000
3.1370000
3.9190000
5.1740000

P(I)
«1014000
«0867000
«0731300
.0607100
»0494500
«0393400
.0303800
.0225800
.0159300
.0104400
«0061010
.0029160
.0009139

P(T)
.1034000
.0910000
«0777800
.0655900
.0544400
«0443300
.0352600
.0272200
«0202200
.0142600
.0093370
»0054480
«0025970
.0008283

D)
+0002166
.0002167
«0002167
«0002168
.0002169
.0002170
.0002172
.0002175
.0002180
.0002188
.0002207
.0002258
«0002722

Der)
.0001998
.0001947
.0001947
.0001948
.00019438
.0001949
.0001950
«0001952
. 0001955
.0001959
.0001967
.0001983
.0002030
.0002400
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ENTROPY =
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11
12

»0053850

4,2080030

X{1)
.0000000
»1487000
.3087000
«4818000
«6703000
«8772000

1.1070000
1.3640000
1.6570000
1.9980000
2.4040000
2.9090000
3.5770000
4.,5760000

Y(I)
+0717700
«2257000
«3917000
«5719000
«7687000
« 9857000

1.2270000
1.5000000
1.8140000
2.1810000
2.6270000
3.1910000
3.9630000
5.,1900000

= .00500560

4.2620000

X(I)
«0717800
«2205000
«3805000
«5536000
«7422000
«9491000

1.1790000
1.4360000
1.7290000
2.0700000
2.4760000
2.9810000

Yyen
.0000000
.1436000
.2975000
.4636000
.6437000
.8406000

1.0580000
1.2990000
1.5720000
1.8860000
2.2540000
2.6990000

P(I)
.0948500
.0820400
.0701500
«0591900
.0491600
.0400600
.0318900
«0246500
«0183400
«0129700
.0085150
.0049950
.0024050
«0007731

P(1)
«0664900
.0857100
.0741200
«0633800
«0534800
.0444200
.0361900
.0288100
«0222700
«0165700
«0117100
.0076900

D(I)
«0001745
.0001745
«0001746
«0001746
.0001747
«.0001747
«0001749
«0001750
»0001752
.0001756
»0001763
.0001777
.0001817
«0002190

pen)
.0001616
.0001577
.0001577
.0001578
.0001578
.0001579
.0001579
.0001580
.0001582
»0001584
.0001587
.0001593
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«6500000
4.6500000
.0000000

= .0046630

4.3090030

X1
.0000000
«1387000
.28710300
.4468000
.6194000
«8074000

1.0140000
1.2420000
1.4990000
1.7910000
2.1300000
2.5340000
3.0350000
3.6960000
4,6810000

= .0043740

4.3600030

X(I)
.0671000
«2058000
- 3543000
«5139000
.6866000
«8746000

1.0810000
1.3100000

3.2640000
. 0360000
5.2640000

Y(Ir)
.0670900
.2103000
. 3640000
.5296000
.7093000
.9056000

1.1220000
1.3630000
1.6350000
1.9470000
2.3120000
2.7550000
3.3150000
4.0780000
5.2840000

Y(I)
.0000000
.1342000
.2775000
«43110090
.5968000
.7765000
.9728000

1.1890000

«0045100

.0021700
.0007160

P(L)
.0890600
.0778100
.0673200
.0575800
.0486100
«0403900
«0329400
«0262400
«0203100
«0151300
.0107100
» 0070540
«0041560
.0020170
.0006669

P(I)
.0905000
.0810100
«0707700
«0612300
«0523700
.0442100
.0367400
«0299500

«0001606
-0001643
.0001866

ner)
.0001425
.0001426
.0001426
«0001426
.0001426
.0001427
.0001427
.0001428
.0001430
.0001431
«0001434
.0001440
«0001451
.0001483
.0001787

D(I)
.0001326
.0001297
.0001297
.0001297
.0001297
.00012098
.0001293
.0001299
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NISTORTISN

ENTROPY =

1.5660000
1.8580000
2.1970000
2.6010000
3.1030000
3.7650000
4.7500000

.0000000

.0040910

4.4030000

X{1)
.0000000
«1299000
.2683300
.41643000
«5756000
«7478000
«9352300

1.1410000
1.3690000
1.6240000
1.9150000
2.2520000
2.6530000
3.1500000
3.8050000
4,7730000

.0038510

4,4510000

X(1)
.0630100
«1930000

1.4300000
1.7020000
2.0140000
2.3800000
2.8230000
3.3830000
4.1460000
5.3540000

Y(I)
.0629700
«1969000
. 3398000
.4930000
.5582000
.8374000

1.0330000

*1.2490000

1.4890000
1.7590000
2.0700000
2.4330000
2.8730000
3.4280000
4,.,1810000
5.3640000

Y(n)
.0000000
.1260000

.0238600
«0184600
.0137600
«0097390
.0064120
«0037770
«0018320
.0006216

P(1)
.0839200
.0739700
.0646400
.0859400
.0478700
.0404300
.0336200
«0274300
.0218800
«0169500
.0126400
.0089700
«0059250
.0035070
.0017170
.0005856

P(1)
.0852300
.0768100

«»0001299
«0001301
.0001302
«0001305
.0001310
.0001320
.0001349
.0001524

D(I)
.0001178
.0001179
.0001179
.0001179
.0001179
.0001179
.0001180
.0001180
.0001181
.0001182
.0001183
«0001186
.0001190
«0001200
.0001225
.0001477

D(1)
«0001103
+0001080
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13
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ENTRBPY =
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DISTORTION

. 3315000
«4797000
«6391000
.8114000
.9990000
1.2050000
1.4330000
1.6890000
1.9800000
2.3170000
2.7190000
3.2180000
3.8740000
4.8480000
»0000000

.0036330

4.4910000

X(1)
0000000
«1221000
.2518000
.3898000
«5375000
«6963000
«867900N

1.0550000
1.2600000
1.4860000
1.7410000
2.,0300000
2.3650000
2.7630000
3.2560000
3.9020000
4.8530000

.0034150

.2600000
.4030000
+5564000
.7217000
.9010000
1.0970000
1.3130000
1.5530000
1.8240000
2.1350000
2.4990000
2.9400000
3.4960000
4,2530000
5.4420000

Y{ii)
«0593200
.1850000
.3185000
.4611000
»6139000
.7786000
«9572000

1.1520000
1.3670000
1.6060000
1.8750000
2.1840000
2.5450000
2.9810000
3.5310000
4.2740000
5.4310000

.0677000
«0591500
.0511900
«0438000
.0369900
«0307500
.0250800
.0200000
.0154900
.0115500
.0081880
«0054030
.0031940
.0015600
.0005417

POI)
.0793200
.0704600
.0621200
«0543100
.0470200
.0402500
«0340200
.0283000
.0231100
.0184500
.0143100
»0106900
.0076030
.0050380
»0029980
.0014820
.0005229

.0001080
.0001080
.0001080
.0001081
.0001081
.0001081
.0001082
.0001082
.0001083
.0001085
.0001087
.0001091
.0001099
.0001123
.0001328

(1)
.0000985
.0000985
.0000985
.0000985
.0000985
.0000985
.0000986
.0000986
. 0000986
.0000987
. 0000988
.0000989
.0000991
.0000994
.0001002
.0001022
.0001234



ENTROPY = 4,5370000
M = 35
X(1) yon) P(I) D(I)

1 «0593500 . 0000000 «0804800 «0000925
2 «1816000 .1187000 «0729700 .0000907
3 «3113000 «2444000 «0648200 «0000907
4 «4494000 «3781000 .0571400 .0000907
5 «5972000 «5207000 «0499500 «0000907
6 «7561000 «6737000 «0432400 «0000907
7 «9279000 .8385000 «0370200 .0000908
8 1.1150000 1.0170000 «0312700 .0000908
9 1.3200000 i.2120000 «0260200 .0000908
10 1.5470000 1.4270000 .0212400 «0000608
i1 1.,8020000 i.6670000 «0169500 «0000909
12 2.0910000 1.9360000 .0131400 .0000910
13 2.4270000 2.2460000 .0098180 .0000911
14 2.8260000 2.6080000 »0069770 .0000913
15 3.3200000 3.0440000 .0046190 .0000916
16 3.9680300 3.5950000 .0027450 «0000923
17 4.9240000 4.,3420000 .0013540 .0000942
18 . 0000000 5.5060000 .0004864 0001116

DISTORTIGN = .0032340

ENTRBPY = 4.5750000

M = 36

X(1) Yi1) P(I) Be1)

1 «0Q00000 .09561200 .0752800 .0000834
2 «11540300 «1746000 .0673200 .0000834
3 .2374000 . 3002000 .0598000 .0000834
4 . 3669000 «.4336000 .0527300 .0000834
5 .5048000 «5760000 .0461100 .0000834
6 «5523000 .7287000 «0399300 .0000834
7 .8109000 .8932000 «0341900 .0000835
8 .9823000 1.0710000 .0289000 .0000835
9 1.1690000 1.2660000 .0240500 .0000835
10 1.3730000 1.4810000 .0196500 .0000835
i1 1.6000000 1.7190000 «0156900 .0000836
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12
13
14
15
15
17
18

DISTORTISN

ENTROBPY =

X
]
(&)
~

O N D UTE (N -

10
11
12
13
14
15
16
17
18
19

DISTORTISN

ENTROPY =

1.8540000
2.1420000
2.4760000
2.8730000
3.3640000
4,.0070000
4.9500000

«0030530

4.6170000

XeIo)
.0560900
.1714000
.2933000
»42270300
.5605000
«70790300
«3663300
1.0380000
1.2240000
1.4280300
1.6540000
1.9080000
2.1950000
2.5290000
2.9250000
3.4150000
4,0550000
4,9920000

.0000000

.0328940

4.6550000

1.9880000
2.2960000
2.6560000
3.0910000
3.6380000
4.,3770000
5.5240000

Y(I1)
.0000000
«1122000
.2306000
. 3560000
.4894000
.6316000
.7842000
.9485000

1.1270000
1.3210000
1.5350000
1.7730000
2.0420000
2.3490000
2.7090000
3.1420000
3.~870000
4,4230000
5.5620000

.0121700
.0091050
«0064800
.0043000
«0025640
.0012730
«0004556

P(I)
«0762306
«0694900
.0621500
.0552200
.0486900
.3425800
.0368800
.0315800
«0267000
.0222300
.0181600
.0145100
.0112600
.0084270
« 0060020
.0039870
«0023820
.0011860
.0004411

.0000837
.0000838
.0000839
.0000842
.0000849
.0000865
.0000999

peI)
«0000784
.0000769
«0000769
.0000769
»0000769
.0000769
.0000769
.0000769
.0000770
«0000770
.0000770
.0000771
.0000771
.0000772
.0000774
.0000776
.0000782
.0000797
.0000941



X(1) Y(I) P(I) p(l)
.0000000N «0532100 .0715700 .0000711
«1032300 .1652000 .0643900 «0000711
. 2244300 .2335000 .05760600 -0000711
« 34620300 .4088000 .0511800 «0000711
«4754300 .5420000 .0451400 .0000711
.6130000 .6840000 .0394800 .0000711
.7602000 «8363000 «0342000 .0000711
.9183000 1.0000000 .0293000 0000711
1.0890000 1.1780000 .0247800 .0000711
1.2730300 1.3720000 .0206300 .0000712
1.4790000 1.35860000 .0168700 .0000712
1.7050000 1.8230000 .0134800 .0000712
1.9570000 2.0910000 .0104700 .0000713
2.2440000 2.3970000 «0078440 «0000714
2.5770000 2.7%60000 «0055940 .0000715
16 2.9710000 3.1870000 .0037230 .0000718
17 3.4580000 3.7290000 .0022310 .0000723
18 4.0940000 4,4590000 .0011170 .0000736
19 5.0220000 5.5840000 .0004118 .0000904
DISTORTISN = .0327520
ENTRBPY = 4.5940030
M = 39
X(I) y(I) P(T) nen)
1 «0531700 .0000000 .0724200 .0000670
2 . 1623000 .1063000 .0663400 .0000658
3 «2774300 .2183000 « 0596300 .0000658
4 «39910MN0 « 3365000 «0534000 .0000658
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15
16
17
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20

NISTARTIOGN

FNTROBPY =

.5282000
.6657000
.8127000
.9707000
1.1410000
1.3270000
1.5310000
1.7560000
2.0080000
2.2950000
2.6260000
3.0200000
3.5050000
4.139030N
5.06303G0
.0000000

.0026040

4.7300000

X(I)
.0N00000
.1036000
«2126000
. 3274000
.4489000
.57770300
.7148000
.8A/15300

1.0190000
1.1890000
1.3740000
1.5770300
1.8020000
2.0530000
2.3380000
2.6680000
3.0590000
3.5400000
4.1660000
5.0730000

.0024810

4.76380030

«4617000
«5947000
« 7366000
.8887000
1.0530000
1.23000060
1.4240000
1.6370000
1.8750000
2.1420000
2.4480000
2.8050000
3.2350000
3.7750000
4.5020000
5.6180000

Y(I)
.0505500
1367000
.2684000
. 3864000
-5113000
.6441000
.7856000
.9374000

1.1010000
1.2780000
1.4710000
1.4840000
1.9200000
2.1860000
2.4900000
2.8450000
3.2720000
3.8080000
4.5250000
5.6210000

«0474500
.0418600
.0366100
.0317200
«0271800
.0229900
.0191500
.0156600
.0125200
.0097300
.0072920
.0052040
«0034680
.0020810
.0010460
. 0004007

PCT)
.06816020
.0616700
«0555300
.0496600
.0441400
.0389500
.0340800
.0295400
.0253200
.0214200
.0178600C
«.0146100
.0116900
.00808980
.0068280
.004883C
« 0032630
.0019680
.0009973
.0003830

.0000658
«0000658
.0000658
.0000658
.0000658
.0000658
.0000659
.0000659
.0000659
. 0000660
. 0000661
.0000662
.0000664
.0000669
.0000681
.0000789

D(I)
.0000609
.0000609
.0000609
.0000609
.0000609
.0000609
»0000609
.0000610
.0000610
.0000610
.0000613
.0000610
.0000611
.0000611
.0000612
.0000613
»0000615
.0000619
«0000630
.0000776
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14
15
16
17
15
19
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22
23
24
25
26
27
43
29
30
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32

BISTaRTlOoN

(1)
e O GY
e JB4V270
e 1 80600
» 1991000
e 2M99N)
» 34310010
4189000
24975000
« 5792000
e06H41000D
e 7H206000
e HAAFUGN
0 9d14000
10430000
1 .149801)0
121 UQUD
1637900049
1 oDUA0LIGY
1landbuull
1477000000
{30000l
2ellva4 iy
2271000709
ZedRBaULL
Z2eH7 800D
2«9155:000
JelH10000
30 aR7 3300
S 8483000
49270000
AW 8819U0OUND
5 e DDA A0

VRN DA ke

h, 4420000

Y(I)
0316700
s NIHI701)
s 16043000
23349000
« 3UDBOON
« 3805000
ed4575000
« 376000
« 5208000
e 7074000G
« 789770000
« 8921000
e 990BHOY

1,0940000
i «20300G00
13180000
14390000
13680000
17030000
18510000

2«NUY000LY

217900014}
23630000
256600008
27830000
. 0400000
363230000
Sa6510000
4,38 0ONUL
4.5130000
Ne1263000
R« 9910007

PeL

¢U4\347U()
2« 0408800
03838600
« 0359300
«0D335700
U312900
w0291000
s 0269800
«UR49500
20229900
20211100
(0193200
20176000
«(1159600
210144000
«0129300
«01195300
CULI02100
0089750
sLU781K0
00674030
s D0H7420
01486240
0 139860
20032270
025490
n”UlgblO
+sOQU14320
«0009933
20006345
LD0035589
LJ00D1928

g1

0000190
«ONVN1IS0
20000180
«000V150
0000150
«0Q0N1%0
«00U0150
« 0000150
«QU0UiIB0
L00VDLISD
«D000180
«000C015%0
»O00L0LEIB0
Q000 LIR0
0000150
«O000180
20000150
«0D0NLIRD
LHOUULIBY
0000150
SO00NIRG
L 0VN01LBY
«OUOOLBO
0000180
POTUIRIND R-1V!
LOONOLRD
» 000050
LO00015]
JVULGLS Y
LONNNLIHP
s QUOUD1IR3
20000230
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128

QXN D WN -

xX(r1)
0000000
«0318590
20641600
«0970300
» 1304000
1643000
+ 1987000
2337000
» 2693000
« 3055000
e 3423000
« 3798000
4180000
+ 4568000
04964000
«5367000
«B778000
6198000
« 65625000
« 7062000
+ 7808000
7963000
«8428000
+ 8904000
« 9390000
+ 9888000
1.0400000
1,0920000

11460000

12010000
1.2570000
13150000
1.3750000
1.4360000
14990000
1.5640000
1.6310000
1.7010000
147720000
1.8460000
1.92306000

Yin)
«0158100
« 0479000
« 1804800
«1136000
»1472000
«1813000
«2161000
« 2514000
« 2872000
« 3238000
3609000
3647000
«4372000
«4764000
«5164000
«5871000
«598600N
«6409000
«6841000C
7282000
7733000
« 8193000
«8663000
«9144000
«GA3E000

1.0140000
1.0660000
1.1190000
1.,1730000
1.2280000
1.,2660000
1.3440000
1.4050000
1.,4670000
1.5310000
1.5970000
1.,6650000
1.7360000
1.8090000
1.8840000
1.9630000

RLT)

« 0220200
20213700
0207200
«0N200800
e 0194600
«0188400
« 0182300
« 0176400
« 0170500
«0164700
«0159100
« 0153500
«0148000
«» 0142600
«0137400
« 0132200
«0127100
« (1122200
« 0117300
«0112500
« 0107800
20103200
0098770
« 0094390
20090110
« 0085930
«0081850
« 0077870
« 0073980
« 0070200
« 0066520
« 0062930
« 0056450
«00DRBE606D0
«QUB2770
« 0049590
«0046500
«0043510
«0DA40620
«NU37830
« 0035140

D(l)

«+ 0000019
« 0000019
« 0000019
« 0000019
0000019
«0000019
20000019
«0000019
« 0000019
20000019
+ 0000019
«00000%89
« 0000019
« 0000019
» 0000019
« 0000019
« 0000019
« 0000019
20000019
« 0000019
« 0000019
« 0000019
« 0000089
«.0000019
« 0000019
«0LNO00LS
» 0000019
L 0000019
s ONOO01L9
« 0000019
« 0000019
«0QC001L9
« 00000189
«0000019
«00N00LY
0000019
«000001L9
«Q000019
0000019
« 0000019
« 0000019



[eCoin

= ,ﬁ_.

42 20030000 2.01440000 «N03I2580 « 03000019
43 2.0860000 2.1280000 «JO30050 fNOCNOLY
44 2.1720000 2.,2160000 20027660 <0000
45 22620000 23080000 (025370 «ONONCLY
46 23560000 2.4040000 0023170 wCO00019
47 2.4540000 25050000 20021070 Q000019
48 258570000 26100000 019080 2DN0ND1LY
49 26660000 27210000 2N 7180 OO0 LY
50 27800000 25880000 2015360 élelslslaR K
5% 29000000 29030000 2« 0013660 «000D0CUYY
52 "3,0280000 J0940000 0012090 wOO000L9
53 31650000 32350000 D0L0US90 s D000 1L9
%4 J33400000 I+ 3850000 UDOY187 s COD00YLY
1] 3.4660000 345470000 «000788% 0000019
56 36350000 3.7230000 0006684 0000019
57 3.8180000 3,9140000 «0RUBS8 Y 20000019
58 40190000 4,1240000 «D0N4AS78 000019
59 4,2410000 4,3%76000 0003674 «OC00019
60 44,4880000 4,6190000 20002869 « 000019
61 47690000 4.9180000 CO2163 «O000N19
62 S.0930000 5.,2670000 «0Q0N1557 «O0CO01L9
63 54750000 56840000 20001050 COGC0019
64 5.,9440000 6.2040000 «C0N1118 0000100
DISTORTION = « 0002547
ENTROPY = 6,4450000
M = 256
X(1) Y(1) P(L) Lol
1 «000000C 0079030 20110900 «NO00CH2
2 0158700 238300 «0C109300 0000002
3 « 0318500 «DIGB700 LCLU7600 L OUU0002
4 w147 9600 W (RE0400 «0L06000 L 00GNO02
5 «0641900 «N723300 +01G4400 «O0DC0002
6 « 0805400 CIRB7SUD 0102800 < 0000002
7 20970300 « 1033000 JOLDI200 0000002
8 «1136000 « 1220000 S 0029630 0000002
9 « 1304000 « 1388000 2098 OBN Q000002
10 01473000 r «15597000 L0UY6S 1O 000002
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i1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
3a
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

« 1643000
01814000
« 1987000
02161000
e 2337000
02514000
« 2693000
e 2873000
« 3055000
«3238000C
« 3423000
« 3610000
« 3798000
« 3988000
04180000
wA4373000
4868000
« 4765000
e 4964000
+ 5165000
«BIB7000
eH872000
«S778000
«DHRZ70CU
«6197000
«5410000
20625000
«H5842000
/062000
« 7283000
« 7507000
o 7734000
« 7963000
¢ 8194000
«BR428000
+R664000
«+8903000
05145000
e 9390000
« 9637000
« 3888000
10140000

« 1728000
« 1300000
o2“74060
«2249000
« 2425000
e 2603000
e 2783000
22364000
03146000
e 3330000
«3316000
« 3704000
« 3A93Q00
«AUB3O0ODN
e 4276000
£ 4470000
4666000
4564000
« 5064000
«HEH3NNN
e 54059000
«SAT74000
«DEBZ2OND
«E092000
» 6303000
55170100
« 6733000
«6551000
« 7172000
» 7395000
e 7520000
7848000
wBO7R000
«8310000
«E£D45000
« 8783000
«9024000
e 9267000
« 3513000
« 9762000
10010000
102700060

« 00384970
«00Q3440
<0N91920
20L090410
« 0088920
«NK7440
«00a5980
JO0E4AS520
083080
+ 1081650
« 0080230
«0N78830
20077430
«376050
0074690
20073330
«0L71990
~UN720660
0069340
«OLIABO30
20066740
0065460
«01A4190
«U0H2940
2JONB1690
316460
200838240
~OUS8030
0056840
0055660
e 054490
«UORJIII0
»U152190
«O0R1060
20049940
«00ABB3D
«0NAa7740
«204HK680
«NN4S5580
«0N34530
« 1043480
20042450

0000002
e 00002
« N0000G02
« 0000002
sierelelsie)
Q000002
L 00000N2
0000002
« Q00002
« 000002
PEalslnialetal
« NNONC02
0000002
L UUD0C02Z
s DDDO0CN2
L OV00002
«5OLG0N2
000002
« 0000002
20000002
« 000002
«000002
«NGOO002
» Q000002
22000002
e 3U0N002
» J000N2
0300002
20000002
sisisialsial
« (1Q0Q002
«000N002
« 000002
+ 000002
eleialslelsl:
<CONoN2
0000002
«LOO0002Z
« Q000002
«0000002
» 0000002
« 0000002



1.0400000
1.0660000
10920000
1.1190000
1.1460000
1,1730000
12010000
102250000
12570000
1.2860000
13150000
13450000
123750000
1.,4050000
1.4360000
14670000
14990000
15310000
1.5640000
1.5970000
1.6310000
1.6660000
1.7010000
1.736000C0
1.7720000
18090000
18460000
1.3840000C
19230000
1.9630000
2.0030000
2.0440000
2.08600C0
21290000
2.17200C0
221700060
242620000
Z2e3080ULDO
23560000
2edLAGULIL
ZeaDLQT]
2eSLFL0OLO

1.0530000
1.0790000
1.1050000
1.1320000
1.1590070
11870000
12140000
1.2430000
1.2710000
1430002000
1.3300000
13590000
13900000
14200000
144510000
164830000
1.5150000
1.3430000
192410000
1.6140000
1.64580000
16330000
1.7180000
17940000
1,7600000
18270000
12650000
1.9040000
1.,9430000
19830000
20230000
2.0690000
221070000
21500000
215940000
22390000
242850000
2e33200CC
2.300000
242605000
2e47GL,00N
28310000

«0041430
« 0040420
« 0039420
20038440
«0037470
«JO36510
«0035570
«0034630
« 3033710
«0032800
«JU31910
« Q0331020
«0030150
« 0029290
« 0028450
20027640
20026790
« 0025980
« 0025190
«J024400
20ON2I630
200322870
«0U22120
(1021390
JUI20660
«C019980
«C019280
«U018870
«O017900
«0017240
016590
«C015960
«0015330
« 7114720
.DOldl?O
(013540
«0L 12960
S 24800
20T 1BR0
LYY 3EC
s LIO7GT
i1 0ZeN

« Q000002
« 0000002
« 0000002
« 0000002
« 0000002
« 0000002
« 0000002
« 0000002
2« 0000002
«00N0002
» 000002
« 0000002
« 0000002
« 0000002
« 0000002
0000002
«N000002
«00U0002
« 0000002
« 0000002
«300G0002
« 0000002
«000Q02
«2000002
« N0VUD0E
«JD00002
« Q00002
« 000002
« 0000002
« 0000002
0000002
« 2000002
« 000002
« 0000002
« 200002
su 10002
« 00000
SOO0G00N2
SCO00002
« 300002
(20002
«0D0002
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a5

6

97

w8

99
100
101
102
103
104
105
106
107
108
109
110
i1
112
113
114
118
116

117

118
119
120
121
122
123
124
125
126
127
128

UISTARTION =

ENTROPY =

28570000
2.861100U00
2.EF50000
27220000
2.77900C0
28390000
2,3000006C
29630000
J3,0280000
J3.,0950000
3.1640000
382350000
33090000
33860000
3.4850000
J«5480000
36340000
347230000
38170000
3.91500600
4.,017000Q
41230000
4,2380000
d.3580000
444850000
4.621C000
447550000
4,5200000
S,NA8Q000
542690000
S5.4680000
5 e6870000
5.9320000
6,2090000

«U000677

7.4450000

2+B82300C00
ZLBIB00U0
206930000
2o 7200000
2.80890020
2.869300C
2.9310000
29650000
3.0610000
3.129CN00
31990000
32720000
J«3470000
Jede50000
345060000
345920000
J3,6780000
347630000
38650000
3.2650000
4.0700000
4.1800000
442970000
4.4200000
4.5510000
4.6910000
4.8400000
50010000
541750000
53640000
55720000
5.8030000
6.0620000
6.3570000C

00009783
$ (1:N19297
NRBZT
«I00NE36
SO0N791 1
e 007475
2007050
sIN6638
0006238
JUU0H85]
2QUNSA4AT76
20008113
JCNJ4763
NNN4426K
004100
fDNNJT7ARA
MIIRY Y.
20003193
IN2924
L00N2660
0002410
«0INZ2171
«1301945
«0ND1732
20001534
«0NN1342
SNNC1166
LN201002
«000N880
0300711
0000584
«0000470Q
«000036A
«00D0ND7568

« Q0002
e LIGCOCOZ
COGOB2
s L0002
«COCO002
0000002
s 3000002
1300002
Q000002
« 2000602
«00000C2
w0000002
«O0Q0N2
e SQU0GC0Z
« 0000002
« 3000002
ONNONN2
3000002
« 3000002
« 1000002
» J00C002
«NN0N0N2
2 0GC00N2
0000002
« 000002
«NACC002
« 0000002
«L00LO002
« 0000002
20000002
«0OUQ002
« 0000002
«300Q002
e IDNNN4SI
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TABLE 11.- OPTIMUM QUANTIZATION LEVEL SPACING FOR GAMMA PDF
WITH MEAN SQUARE ERROR

M = |
, X(1) Yt1) P(1) . ney)
X 1 »0000000%  ,0000000% 1.0000000 50002
i DISTORTION = 1.0002
ENTROPY = . 00000002
M = 2
X(1) Y(1) POT) z ne1)
1 £ 00000003 56433 +5000000% 34083
DISTORTIGN = 68162
ENTREPY = 1.0000000%
M o= 3
X(1) Y(I) POI) pen)
1 « 9088000 « 0000000 «6209000 « 0956300
2 . 0000000 18180000 +1896000 « 0902800
DISTURTIGN = «2762000
ENTHOPY = 1,3370000
M o= 4
X(1) Y(1) PLI) 0e1)
1 « 0000000 « 3314000 < 4060000 0442400

#Value derived by direct computation, not by the Max algorithm.
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2

DIST18RTIGN =

ENTROPY =
M = 5
1
2
3

DISIORTION =

EnTROPY =
M = 6
1
2
3

DISTORTIBN =

ENTROPY =
M= 7
1
2
3
4

DISTORTION =

ENTROPY =

12640000 2.1970000
« 2086000
1,6970000

x(1) Y{(I)

24910000 « 0000000

18940000 « 9823000

s 0000000 28050000
e 1262000

1,9450000

Xt1) Y(I)
»0U00000 02194000
£74440006  1.2690000

2.,2260000  3.1830000
«1032000
2.1310000

X(1) Y(1)

« 3426000 «00U000D
1.2300000 + 6853000
2.7240000 147750000

L0U00000 3.6730000

.0710700
2,3250000

«»0939800

PCI)
«5202000
« 1432000
« 0967200

P(1)
«3531000
«1033000
201435800

PLI)
«4563000
« 1483000
« 0872700
« 0662500

« 0600400

De1)

2 0262%00
« 203800
« 0295600

ner)

«0149900
«0164100
« 0202300

D)

« 0117000
«00%0780
» 0093710
«0112400



M= 38

1
2
3
4

CISIBRTIBN =

ENTHREPY =
M o= 9
1
2
3
A
5

DISTIRTION

ENTROPY =
M = 10
1
2
3
a
5

DISTURTIAON =

ENTHOPY =

X1

« 000
e5190000
1.4260000

2.9170000
3608000

2,4580000

Xt1)

« 25980000
«B5R46000
180090000

S« 28000009

« 0300000

« 0451200

2,6210000

X({1)
«J0OQN000
» 3939000

1,0420000
19720000

343900000
20399200

247210000

Y(i)

« 1609000
«8770000
19740000
3.8590000

Y1)

» 0000000

«5100000
1.2590000
23590000
4.2010000

Y(I)
«1256000
«6623000

14210000
2.5230000
4,3560000

peL)

« 3128000
1135000
+ 0457500
«279900

POI)
+4053000
« 1453000
« 0693300
«0297800
«0527500

POI)
«2819000
«1148000
« 0573000
« 0249600
«0210000

ooy

« 00675140
« 0072850
«e0074960
« 0088670

nerd

«DNOB8970
«004€E040Q
« 0046730
e NNATI10
« 0055450

DCL)

« 0035900
20038640
« 0039100
«+ 0040060
e 004B920
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x{1) Yii)

1 «2014000 « 0000000
2 « 6857000 24028000
3 13520000 29686000
4 242820000 1.7360000
5 37190000 2+8280000
6 « 0000000 4,6090000

DISTERTIBN = « 312400

ENTROPY = 2.8610000

M = 12

X(1) Y1)

1 «CO000U0 «1019000
4 «3141000 « 5262000
3 8127000 1.0990000
4 14830000 18670000
5 244090000 29520000
6 J.B8300000 4.7080000

DISTORTIBN = LLU280800

ENTROPY = 2.94100Q00

M = 13

X(1) Y(I)

1 « 1649000 « Q000000
2 «DB48000 « 3298000
3 10710000 e 7798000
4 14745%03000 13620000
5 226640000 21290000
6 4.0500000 3.1990000
7 LO00UNGO 449010000

P(1)

« 3668000
«1395000
«0749300
«0395600
»0178300
«0447800

PCI)
22574000
«1127000
« 0632300
« 0339700
«0155300
«0172400

P(1)

« 3361000
«1330000
« 0768600
20455700
« 0251800
«0118200
« 0394800

pern)

0033780
« 0026520
«0026800
«0027050
20027660
« 0031260

per)

« 0021140
« 0022750
20022920
«00238120
e 0023620
«N0O26890

Ber)

« 0020950
0016520
« 0016680
« 0016760
« 0016890
«0017230
«0018770



DISTORTION =

ENTHIPY =

NO U S LN -

DISTARTION =

ENTRUOPY =

X
"

—

n

ENOT B LN~

DISTORTION

ENT<OPY =

20226600

J.0650000

X(1)
«OINQN0L0
2 2H98000
«6H63T0G0

11840000
1.8600000
27760000
4.1500000

0206600

J.1310000

A1)

21 U980G0

460490000

fBR510LO
14140000
209000000
29970000
4.3440000

«DUOUOQA

0173900

S.,24010000

Y([)

« 0853500
«4343000
«8918000
1.4770000
22430000
3.3080000
4.9920000

Y(1)
0000000
« 2786000
« 65511000

11190000
17080000
24710000
345230000
51650000

FI)

« 2377000
« 1092000
20659100
«0397000
e 0221600
« 0105000
« 0147700

PCTL)

«» 3116000
«1269000
» 0769500
« 0490000
« 0302700
«0172000
«0083050
« 0355900

iy

« 0013490
20014520
« 0014610
o 0014670
« 0014790
« 0015080
0016120

oL

«0013960
« 0011040
«0011140
0011180
20011220
«0011300
20011510
0012610
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N DU BN

PDISTORTIHN

ENTROPY =

X(1)
« 0000000
« 2200000
«5560000
» 9792000
1.5070000
21780000
J.0730000
43900000

£015%53500

3,3000000

Yen)

« 0729200
« 3672000

» 7448000
12140000
1.8000000
25560000
3.5910000
5.,1890000

P(I)

22213000
« 1053000

« 0668100
« 0432900
«0270500
«0155%400
«0076110
«0131300

DeL)

+ 0009067
« 0009766

« 0009816
«0009844
« 0009881
« 0009949
«0010120
»0011330



= s

X
N

[

~

CONOND N

DISTORTION =

ENTROPY =
M= 18
1
2
3
4
5
6
7
8

xX(1)
1196000
« 3969000
«7482G00Q

11790000
170380000

23770000
342620000
4,5500000

0000000

«0135500

33990000

x(1)

e LLOUOUN
« 1908000
e 4779000
08334000
1.2650000
1.76040000

24550000
33360000

Yirn)

= 0000000
22393000
+5545000
« 9420000
14150000

2.0010000
247520000
3,7720000
5.3290000

Y(i)

« 635300
e 3174000
e 6384000
1.0280000
15020000

2.0860000
2.8320000
3. 6410000

POL1)
«2907000
«1210000
« 0760500
«0309300
«0338300
«0214700
«0125100
«0062320
«0326500

POL)

« 2076000
«1014000C
666700
«0453900
«0304300
« 0194500
«0314100
U0US7420

peId

20009657
«O0D07661
« 0007727
« Q007746
0007764
«0007791
«0007843
« 0007970
« 0008432

pDer)

«00Q06406
0006904
« 0006637
« 0006952
006967
«0006991
« 3007035
« 0007145
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DISTHRTION

ENINKOPY

M

DISTURTION

ENTROPY

M

DistTurilen =

-
©

O LTI NN D N -

-

CCOENCUT D GN -

.

A4 1OLOLG
3126700

$.4500000

(1)

e 1 3ABOQ0

« 3461000

e 6478000
LoV L1000
leddo QUL
1e975%0L000
eI L0LID
SeBUDUOG
4 750uUnty

«(LIDUGLY

e fJ1HIY200

3.9380000

x(])
SONCLOLLD
o7 1000
-4169”“0
« 7217000

1«G850U00L0
15180000
20440000
2606980000
SedHo20uUCH
4.76600U0

20102500

5.3700000

Y(I)

« 0000000
» 2096000
£ 4826000
«B131000U

1,2080000

16840000
20207“000
I.00/70000
4.0030000
54980000

Yo

« 1560200

2782000

« 5557000

« 8876000
1.2820000
17550000
2.3330000
3.0630000
4.0400000
54910000

»U118700

P(L)

« 2735000
« 1186000
« 0746600
0518300
f 0361400
« 1245800
«U1B8900
£ 0094220
«LOA48090
20302700

P(1)

« 1958000
«(JR75800
« 0659400
(1465600
«0327500
0224700
20146300
« 0087570
£ 0045330
« (0109300

«QO0BO0Z

Der)

e DD0B997
« 0005562
» 0005609
« 0005622
0005631
2UDGS642
« 0005660
20005695
L D0O0S779
s 0005925

gt

2 D00G4667
20005032
« 00050585
« Q005064
«000B072
«0005081
«000B0G7
0005127
«0Q0DS197
«0005841



9
DIST RT b

ENTAAPY =

4
n
"
{e]

SO ENDU B N -

—_

DIST KL B

G N

F~Y

o NOO

1Q

—

BISt =T ne

4 4 BNAGGHN

«126700

S4B 00N

x (¢ )
1048000
YA SR TIY
€ a7 B0

Pe(il Y Go?
1 e 4460000
129750000
ZaOATGL
S e DDy
Aa 7D

Q‘Jil:?llr.'l,(f?

.

el Li, g2

Sezuniniinl

Xt )

e {1l VL]

. ‘ "‘7][]21}[!

s d VB¢

a/ Y70
Valomm™iii
Te et
Aetiad gl
PR N G
RS TP

Gald P00

c\'l"/"‘-{fr'

53700000

Y( )
«O00NNN0
22096000
4826000
«H1I310600

1.2080000
150400100
22070000
3.0U70000N0
4. 0030000
NedTAOLU

Y{ )
1560200
« 2782000y
«BRS57 000
Y VAT

12820000
Ve 75500010
23330000
S 0030000
4altaQ)0e 0
SedSW10(N

20118700

PO )
22735000
« 1156000
0746600
.(351&31)0
0361400
0245800
~O158900
«J0G4220
S(U48090
L0 302700

P )

1958000
SUE7H 8110
S IYORQ400
~LehBEND
LOTZP79L0
2247000
246300
NIE. YA VIV
A8 8530
21T OW 300

« 0008002

oo )

. 0(10ﬁ997
0008562
LUOBB09
« (005622
SN0LS63Y
0008642
«QUNRBEY
cOULSHAB
«00BT779
DOCBS 2D

ne
QL EERT
SLO0BO32
s QULHOBD
COUGHNAG
Q0BT 2
fQUNNNAY
fQULRLGT
SDUCWY2T
s J0in1G7
00N AY

77



fn

SeMEO0

.("73NLI(:.71'"

S 707 LG

xt1) Y(1) PO ney)
1 o it 2Nl 1 «GDOOGO0 W 2984000 2005202
l e 30D 407 185600 1107000 QUNAa1 43
3 YR R IRl AED2000 wO730000 20004178
4 o SNy 73 1RCOG 2UB20800 «000A1R7
5 Jagaeiiig 1.049000:0 «U376600 20014102
h 1m0 1.4460000 S269000 0008197
7 Vel Ry 19200000 L0186100 LO004A208
a G 2.a4G60000 2122200 OI04217
] Ko 704l Sa2220000 SOOT7I7 80 ~000e241
10 e m UL 4o 3 R70000 03B O4Y 2004297
11 W LY e Se€ 1000 s(2R3I0N0 L 0004702
Llsi wl ar = ESEIER VT
ENT (RPY = .an/0000
M = e
At ) Y( ) o) pe )
i AR RN RERN GLIA B 201501600 « 1 &HQ000 c0OC3B3Y
2 DlAGT R P ARGO L0841 200 000387
3 MRV AREIRINY 24530000 L0U6AG200 «000383IB
4 et A7 /000 «7E25000 Ca70700 L0N03IBR40
5 P0G lel2lQOULU 0343300 0003R485
o} e 37t 15190000 46500 e GO0OSRA4Y
7 Vo7 ™ruidi G 16992000 w11 71300 «DOCIRBA
a Sl iy Z2e9D0 7000 1112900 fQNLABHT
a P T2 VINE Sa2890000 LOOB4RO O 38869
10 R AT I SR da2a470000 SLU300GG0 Q3938
11 bow TN PR AR IRI TSN SOLGI100 LON4A06



ENTKOPY =

4
n

N

-

= CODDNTPL GNP

-

DISTORTIBN =

ENIROPY =

X

"
N
N

D e
= DO TN UD WN -

DISTuxRYIOGN =

ENTREPY =

J.S58E0UN000

X{(1)
0928000
3054000
«eHHAH000
«8H0B000

142480000
1.6830000
2,208U000
28590000
3740000
4.8980000

s UO0OLUG0

» 0090320

3.6670000

x(1)
~0U00000
e 1491000
e 3705000
#6377000
e 9520000
1.3200000
1.7560000
242RTO0O0G0L
209280000
Je76E80000Q
49500000

SUOB4670

$.7070000

Yi1)

« 0000000

+ 1856000

«4252000

«7118000
1.0490000
1.4460000
1.9200000
24960000
3.2220000
4,1870Q000
5.6100000

YeIo)

+ 0504900

« 2480000

«4930000

« 7825000
11210000
1.5190000
1.9920000
2.5670000
3.2890000
4.2470000
56530000

POL)

« 2584000
«1107000
«07 30000
« 0520800
« 0376600
«0269000
« 0186100
«0122200
«0073780
« 0038640
« 1283300

Pe1)

» 1859000
«0941200
« 0649200
« 0470700
«0343300
«0246500
«0171300
«0112900
- 0068480
» Q036090
+0101100

oer)

« 0005202
«0004143
0004178
« 0004187
« 0004192
« 0004197
+ 0004205
« 0004217
20004241
+ 0004297
» 0004702

Dey)
«0N003BIY
« 0003847
« 0003835
« 0003840
« 0003845
« 0003849
« 0003856
« 0003867
0003889
«0003938
» 0004061

79



80

pls!

En

DIsS]

ENT

23

OOt NOVIT D W

1o
11
12

kT &

okPY =

n
B

=
NP D N -

12
PT o

P =

X(1}
e XRI 10U
e2/7310G00
eBDELOVG
o 7796000
1 « DS 7 00010
] edR6LOIVG
1«90 1000

Z2edrunty
S NBILLT
SadosaLyLo
BeNa2U040

o OO

LI75Q40

$,7040C000

X{ )
AN I TIRINEY
a1 337 00U
a 331 UL
eHE7 2000
W8 EY 70

1= 192G000L0
Yot 270000
1 o900
24760020

KIS R VIVIVES !

J4G230000

SeNMNLOC

PRRTRAVAS BeX SR

CR L R2II000

Y(1)

« 0000000

« 1664000

« 37980020

W 6326000

« 9265000
142670000
1.6660000
2«1370000
2.7060000
S« 4190000
43590000
Ke7240000

YO )
CUA51500
e 2222000
~A3GE00N
6945000
e SRQOULID

1.3290000
172600060
241930000
27580000
3.4610000
4,3450000
Sa71500t00

PO

« 2435000
» 1063000
«0712500
<08 19300
«03HBAO0
0285400
« 0207000
0145100
-f!(~964*‘ﬂ
«LOKRYO9N
0031610
0266600

PO )
1768000
L2007 200
E3I67 10
871800
« 0353800
1263300
(192000
CH13RI0N
O0QUA30
LO0BRBE0L0
SONJIL200
L0951 20

o)
«D00ORGHA
LON0N3178
» 0003205
SO00328 1
0003214
LO003217
«QUV3221
2003226
ONUIZ23I5
200032682
«DUC3261
LDUOIT27

e )
SO00Ee71LS
002927
20002940
0002944
2947
0029409
«0002953
«N0C2958
20002966
«OND2YRQ
003014
ONUIIZ28



_ e mresmrTme

Bist

e
XN D WN - o

[PNIR L VIR i o)

w3
7

HRY =

A6

Gt N e

XN T U

9
10
i
12
13

A0 )
IRV AR ECIRIE
RN AN
A
a7 g0
e/ hel
Ta2%ni i
Tabitadiningy

TR TANINN
PN TV TR
G2 Syl

deri8 3L

e b )

FEAIRTRTRERFOEN!

e E SIS

N L ANHES

{1}
TR
S I RS
o 2l (V)i
PRI B/ PR
VALY AR RO

Tl SSL N0
LadhZ0l o8
PR I
zala/doorul
Z ey ) (.
R RSN
& o4t T,

Selo ity

PRI N <XV

Y( )

s OO
s 150ANTN

f 3421000

eBDE74007

«B270000
Laldd400pnn
1 4AB00N0N
{t «B63500H
23290000
23900050
SL.54800u00
44990000
D210

Yt )
2410100
LT 000
L S9REUN
eHP4ANNIN
s ERALO0Y

lLe 18610000
1 .822("Ll;1]
191660
243790000
2e984CCMD
Jab220000
4H1600G)
e 7 H8B(3I

PO o)
e2X41000
« 1022000
L116Q4600
OB 13000
«1391000
eL2G7210
« 1228300
» 183300
L1 I62C0
SOC7818(0
LA RBOQ
202065 K0
«UPH2900

Pt )
1686000
L H76100
0238400
«Lae70000
.L):H)OIC‘O
75400
L2079 0:0
2UO1THIBU0
SO1UY200
SO73840
2U0AHR2HG
TUZBRGD
dUORYE DI

a( )
LJUILSLOE
«GON2482
0002503
202508
OG220
wHIN2R L2
sODLPRLA
0GEDHYE
L UD02R20
OQL2593Yy
«QRO2566
Q27010

[E
2OUC2 130
w2299
SN002310
OU2313
200073814
02316
cODL231 8
S O0L2320
0002324
wUO0G2329
OLU23a0
002364
SUN0270R

81



82

ENT

L1s)

uryY

n
~

e T T

=<1

. e
R NG -

2 BaN— T 0N WNR —

NS

[ -3

O F NT

29290000

At )
oUhHEC'l}L'
a m23G00L0
e 81230010)
abd GGG
HT TG
e I BGND
e 47 900300
12470000

1
1

2e77H00J0
el B2 U00

Raanu00000
daledannal

BaZhoQoi

e LG

D 4930

SL.ugd i ran

AL )
U0
e b IO
we/ 24000
R RV
e DAL oL
IR AR

1o/l 0wy
Labh 10
1.8C70 000

PR VS VI

et ANI g
Se AN
a2 70 J0

Y )
«CO00QNC
« 1370000
s 3108000
«D139000
e 7459000

100900100
13080000
1.6500000

2.,044000G0
25060000

3.0590000
3474100040

4,.,6260000

D.8740000

Y( )
375500
lH36G0DN
e 3B 12y
e DRO2(I0
w799 00y

Q020000
e 36106000
7010000
2« NG3000HL
2abbl000n
S UGROONU
37720000
446420000

Fe o)
«2239000
s LGBHI0D
«0B77000
0509000
20383100
«C30B3N0
« 0235600
0179000
«01327130
0044840
0064540
0040670
LQC226090
L LUZ40700

PO )
1B 1SGE0L0
0B 47 H0GN
AT YRR AV TR NS
LUAEB3N0
e 03634030
f(12R3BCO
L2000
0(5107 o0
V24600
<0URGHYY
LONBIZHO
2T 3ER7 0
0021820

AR

« 0002473
0001977
0001993
20001997
« 0001999
« 0002000
«0002001
0002002
« 0002004
« 0002007
20002012
LU002021
20002041
«0QU2174

e )
2O0LL1707
fQUC1EAY
2000185
.O()(.lé‘f'sii
0060 bbb
L0001 886
SOO0LERT
DD IBRR
Q00 1EBU
L0000 EEY
SODOLIARET
PRIl eD R-V A
SOGCIRG2



(P

Pl 2 adn

4, Lebienn

U

W (I

S STH
YA RIS
BT RRCLT
o /O

et /7 oi, o

Poa S

Leraai
Aw il 0gn

¢ e NS0

PRIV EE

S DALy

‘n g R o
Do AN

wlovitoi iy

oliidasy 70

AN AS R IVIE

D EHYIONO

Y )
PESIRICISTS
s 1 EHEN0N
e 2RAI00
e AEBBLH
BT B2
£ S 1ANOD

11790000
L4780 000
T a1 900
2eilonnn
2070000
Sa23 10000
SeB7 RO
A7 8700000
Rae AN

S
221 AG0UD
SLSRLI200
a VERGEL
LUDOLE00D
2 132000
PESICE RE eI
L2 AARG
1l abaid
2T OQAn(
W7 AUNN
LOuh4aZ 1D
MRV
21198 RY
e U 00

7
[N

« 010 78

™

oo
DN INOA
AL R R RR)
PDUGLIBLZ
L0001515
SOL1IE1E
COL01IELT
FESISTRD RA B
WM Y B Y
LLINNIHZ2D0
200 1IH2])
D00 1E24
LODCEZT
(N1 B34
(M1 A4E
fO0LEDLY

83




84

ey
[

LCIXTND N D WN -

X( )
e GLUDRGEG
LCY 7000
e 2BHUI0L0
wA247000
W EZ33000
wHRAHGGUD
1 OG80OLL
1 3%00000
1oAY QCOGE
PRSI AVICIRI§
ZedtANLGUD
e 30NC
JeBA*INOU0
oo 33NN
DedaluuLl

AR EARD

41170000

YO )
« 0346100
« 1683000
« 3314000
«B18000C0
o 7287000
« 9651000
12310000
15300000
18690000
22590000
2.71300c00
32520000
39140000
4.7630000
ha93700000

FC )

2« 1557000
« 0821200
« 0566600
« 0461500
« 0364700
2289700
2229200
LN176300
« 0137800
20103300
«G074780
«D051530
« 0033040
»0018030
«0081120

ne )

« 0001391
« 0001502
« 0001509
- 0001511
0001512
«00G1B13
+0001513
0001514
«00018515
« 0001516
0001518
s 0001522
« 0001528
« 0001541
«000C17 34



X
]

L€}

-

O ENFU D WK

x( )
sB79100
YA
346000
e HZH0000
w777 300UU
e D260

1ec500u0
febe7ruuly
LemQE0UUN

S LIV
PR R SN
I OANGOI0
SeB7 80000
LW AV HOUC
Nedi4LTOL

0L GUG

LG Z110

d.k/bhLnee

Y( )
~ 000600
* 1 15&000
2616000
« 4303000
«EZ2080UGY
wHIIONHUL
10720000
1 ¢ 3B0O0D
1.6370000
19750000
243630CUL
Z2:.8130000
348470000
39990001
4.832C000
59760000

P )

e 20066000
0919800
L643200
.0N4G410D
2851700
313600
«L28%1700
s (:20004101)
«1B7 7010
3121800
20091730
«O0EB7 30
046240
20029880
17320
(220800

pe )

~00N1 635
0001309
«0001321%
~0001323
0001324
«GDLL3Z24
001325
0001326
UC1326
UG 327
UG 328
Q001330
0001333
«0001338
fOUG1 348
«Q0C1ABY



XN T D N e

PSRN A
N T
PR Rl EAVEN
VALY AR
/7T
Voot 30 Gl
T a2k, il

e,
Ve WGy

Y{ )
-(1\32(.“7”_“\)

s 1568000
03(.—1600{.?{,"
4772001
SR0YB0Le
1.,1230000
1 3GUNOGH
16RO

B
B RS S AT

I7G7000
(R BI7 000
(3455900
L (13Ah44NN
e UPQIR00
0236100
LQLARRON
JU148600

nde )
2001 1S

N1 243
w00 1245
0001250
L00012581
LOL01IZ28Y
20001252
001252
«O00U1253

10 Ve lmb, i Salizdlinen 2114900

11 R AR Za41500u0 +OCREBTO 0001255
12 cabat o 28050090 2063120 2001256
13 Sl 32 e 33990000 LU0Aa3810 SLN012HS
14 Sel ol 4. CRCUQUL W (R3S (1011264
15 a BN U 4 48810000 110870 S00Y274
th e dniTniing Ce(1190N0NO N7 744N O0UT3R3

et DO

LIS <7 gr =

n
~

Er g D B R PN



(4]
1]

OCENDAD GUN -

x( )
(103600
- 17470”0
e 3197000
AT JUIEEW
fHALUGH
27 350U

1ol 1GLUO
1-3':71&('000
164600120
1 eGH3ULGT
2e3130000
2a/7270000
3.,2110000
S.7530000
GaDTEGUUE
Sed 7 LIHUAG

LDUOLUOCU

Y )
00060000
« 1074000
«2421000
$ 3974000
«D7130600
7661000
« 9815000

1.2210000
1.4870000
17850000

Z2e1210000

2.5040000
29460000

3.4740000

401120000

4.9210000
6 0190000

P( )

« 1992000
« 0891000
(0627400
« 0486100
« 0369200
O3 18600
«LUZB6600
20207800
«0166900
2132200
20102800
w1I077910
S U0B7080
20039900
« 26080
«0015380
212000

vl )

« 0001356
« 0001087
«0001096
«O001098
Q001099
0001099
«OUUL09Y
00U 100
«QQ01100
0001101
«000L11D01
20001102
0001104
00011086
0001110
«000C11Ys
0001344

87



88

pren

EnT

KT oM

HfEy

Lo
1N

B IO -

>

=

n

« LIS 8B

GaghalinOn

x{ )
LUUCRLDTD
oﬂ‘f‘?éf’(‘.":\jv
S INVAVIATE:
2 301400
eHP 79000
/133000
f 918D

1ol ab oL
Ved39R0000
om0 03037;
1 9960LLI
v aShA0nG
27 BBIGIG
Kelda7alLOC
Se¥Haliiuy
fana0uleQ

S AR L

TR AT

£ 42800000

Yt )
N2I7600
« 1447000
125260[,“(’
«dd Q1000
«B18B8000
«BIQRCGD

10270000
La2660000
15310000
1.8280000
2.1630000
Z2aDAas0nen
Z.9870000
JaD0RGCOGO
4414000010
449400000
f.,0200000

PL )
1448000
« 07731000
US70400
(0846400
W i298 900
12415060
01662010
LUO1B7400
«0125400
L0097670
2SU074210
L00%4510
2OD3NR220
»S0N25090
20014900
S L7 4630

o( )
»0000YS3
2001029
20001034
«0001035
0001036
0001036
«Q0D1036
LO001037
«00C1037
2001037
001038
SODULIOIY
LO001040
wOLUI062
OCLLI0A46
wO0UITORE
20001336



SR {

TR F R

et

4

n
e
(91

O OENDN LGN -

i0
11
i2
13
14
15
16
17
18

DIST KT BN

ENT BPRY =

X( )
» 0499900
01625000
« 2970000
« 4493000
«H189000
«B0KA000
10130000
1.2410000
14940000
1.7750000
20900000
24470000
283560000
33340000
39040000
4.6100000
55320000
«UO00DUO

«U033270

4,3360000

Y{ )
«0N00000
«0999800
«2251000
« 3689000
«5298000
« 7081000
« 9047000

1.1220000

1.3610000

16270000

19230000

22570000

2.,6370000

30750000

3.8920000

4.2160000

50030000

6.0600000

PC )
«1925000
« 0864400
«0612300
« 0477800
«0385900
20316100
«0260000
«0213500
«0174300
20140900
«0112300
« 0087770
« Q066920
« 0049350
«0034770
«0022970
« 0013760
«0204400

be )

«0001138
« 0000912
+ 0000920
« 0000922
« 0000822
e 3000922
« 0000923
« 0000923
+ 0000923
« 0000924
« 0000924
« 0000924
«0U00925
« 0000926
« 0000228
« 0000931
«0000937
« 0001280

89



[y}
o)

O IPNDU AN -

10
11
12
13
14
15
16
17
18

8 N

X{ )
«00COCA0
0813900
« 1992000
e 3363000
+ 4903000
6611000
«8493000

1.0560000
1.2850000
1.5370000
1.31800u0
2.1330000
24880000
28960000
3,3710000
39380000
4,6380000
55510000

20031760

4,3610000

Yo J
« 0278100
+» 1350000
« 2634000
«4092000
«5715000
« 7506000
29479000
1.1650000
14050000
1.6700000
1.9660000
242990000
2.6780000
341140000
3.6280000
4.,2480000
5.0280000
6.0730000

PC )

+1401000
20751900
+ 0558100
« 0442500
« 0360800
« 0297000
200245200
«0201900
« 0165200
«0133800
«0106800
2+ 0083620
« 0063860
«0047 190
« 0033330
« 0022090
«0013300
«0071770

ne

s 000804
0000868
« 0000872
« Q000873
« 0000874
« 0000874
+O000874
«NO0C0874
«N0L0A8T7S
«NNOVABT7H
2 0GU0A7S
e Q000876
«O0NNBT7 S
« 0000877
20000879
«O0NDKRAZ
«O00NBART
«DO010A3



]
W
~N

-

oo
CCeTNTUTDUN

et ]
.

Al )
L 00ABT7 1010
1B /00G
7RG OL0
b l 3\5[_}(_]0
e O/ H0000
e 7 A7 L
22309000
1145000
18730000
1ebh /Bl
19050000
Qe 17000
20710000
297400000
S daduNud
400020000
46900000
haH7GU000
L NDNCUGH

SLULZ29R 30

Aol 1anun

Yo )
LODNONGO
01934200}
«2101020
e 3437000
«44Q28000
R 73000
«HS7 8000

103600010
142530000
14980006
17570000
2.0520000
2« 3RIONOO
27580000
321900000
46970000
4. 3080000
5. 017100060
6. 0800000

P

» 18263000
UBIGHUND
» 0897900
LABYHON
203”2000
a0315600
20262200
0217900
«0180400
e 11486200
«0120500
210196490
0075830
«00UB8180
0043180
200306%0
20020470
+U012400
«N197400

2¢ )

« 0000962
eNLOLZ72
« 10001778
2 D007 80
«NDNOO780
e QUOO78Y
SOO0G/RY
SODOG7ARY
20000781
COLG0781
«DOO0782
sO0007AR2
Q000782
s Q00783
Q000784
«NQGO785
20000788
«UL0792
Q001042



92

DIst

ENT

KT UM

up

(&)
o

CENOOIRD N -

10
11
12
13
14
15
16
17
18
19

x{ )
«ONO0OGO
07621100
« 1563000
e 3141000
s 4873000
161539(_50
«7R880UQ
e B7B80UQ

1.1870000
1.4160000
1aH6BB00LD
19480000
2o 260:00000
2613500100
Se011 60000
JedBHOQLN
44014200000
447260000
.60 110000

128720

4,4330000

Y( )
« 0260700
21264000
22463000
« 3820000
05325000
«6981000
«R795000
1.G780000
1.2960000
1.5360000
1.8000000
20950000
2e4260000
28010000
3.2320000
3.7370000
4.3460000
51060000
61150000

PO )

e 1358000
« 0731900
« 0546200
00436200
20357900
« 0297200
247800
« 0206500
« 0171200
« 0140900
«0114700
» 00919860
20072350
«00H5H540
«0N041270
«0UN29360
SUD19€40
20011990
0069230

pe )
+ 0000683
« 0000738
« 0000742
« 0000743
« 000743
«O000743
0000744
« 0000744
« 0000744
« 0000744
s 0000744
«D000OT7 45
« 00007458
20000746
20000746
20000748
«JOON7 B0
« Q000754
« 0001013



e A RRETRIRTE R e s

DIsy

ENnT

W
O

OoENOUVWN -~

20
RT BN =

uPY =

Xt )
« 438200
01423000
e 2593000
« 3911000
«HIBBOUO
6666000
«B711000
1.0620000
12700000
14980000
17500000
20280000
2+ 3380000
26880000
3 0870Q00
35490000
4.0%970000
4.76080000
ReBPI00G
20000000

«OUZBAG0

4,4823000

Y({ )
«00000NAN
0876500
« 19695000
«3217000
« 4605000
«65131000
« 7800000

1.1610000
13790000
16180000
1.8810000
21740000
25020000
28730000
33000000
7980000
43960000
561300000
611800006

P )
«1807000
«0816600
«584200
«eN461400
« 0377800
+03145060
« 0263500
« 0221200
«0185200
«0154200
« 01274060
«01040G0D
« 0083700
3066090
«G0O50930
0038020
20027200
20018340
0011320
0191100

oo

« 0000822
+ 0000660
« 000UG6ED
« 0000666
«» 0000667
« 0000667
«U000667
«0000667
«N000668
2000066
« QCO0668
s D0006RSB
« 0000668
20000669
« 0000669
« 2000670
«00N671
«ONOO673
«ONUB677
«OU0I006

93



.8
el

CENDUDGN -

17
18
19
20

oh

Xx( )
L 30G00Q0
0715400
« 1747000
« 2942000
24276000
eBHT74506U0
« 7351000
« 9102000
1.1010000
1.3100080
1 «5880UUN0
1.78900600
2NA70LUDLO
28770000
2e7 260000
31230000
3. 50840000
d,1290000
4,7960000
BeABN00ND

L0295 740

4,5040000

Yi( )
« 0245000
«1186000
« 2309000
« 3576000
«4977000
+ 6513000
«8189G00
1.0020000
12010000
1.4190000
16580000
1.9210000
22130000
25410000
2.9110000
33360000
J.8320000
4,4270000
561650000
He 1350000

PO )

« 1318000
0712900
0834600
Q429400
« 0354600
« 0296700
« 0249500
£ 11210000
«0176200
«0147000
«0121500
0083370
«OD8BOOHKN
e 0063291
« (11148840
«NO36510
V26170
«JD176Q0
« 0010960
CDNR70O 3D

ne )

«NODUBAB
SOUN0632
« 0000635
« 0000635
0000636
« 0000636
0000636
+ 0000636
«D00OGH636
« 0000636
0000637
«0ON00637
« Q0D0O0637
LON00637
0000634
£« 0000639
« N0L0640
Q000641
« 0000645
«000N817



e \—::E:Z-é-ﬁ:—‘aaé:&g

X
"
e 2
>

O @ENU A GN-

DISTURTIGN =

ENTHROPY =
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J.182C000
J.2510000
3.3210000
3,3%4C000
I.4680000
3.5440000
1.6220000
2.7020000
,7840000
3.8690000
3.9860000
4.04500G0
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4.5380000
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S.1250000
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S.6900000
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4.9360000
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«.00NS385
0005120
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«000C002
.Q0CCCOoC?
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TABLE 12.- OPTIMUM QUANTIZATION LEVEL SPACING FOR NORMAL PDF
WITH MAGNITUDE DISTORTION

102

M I X(I) Y(I) P(I) D(T)
1 0.0000 0.67452 0.50002 0.23778
2 Distortion = 0.47542
Entropy = 1.00002
1 .0000 .3371 .2859 .05511
4 2 .7921 1.247 .2141 .07733
Distortion = 2649
Entropy = 1.9850
1 .0000 .1402 1290 .01063
2 .3293 .5184 1514 .01659
3 3 .7736 1.0290 .1348 .01942
4 1.3730 1.7180 08481 .02536
Distortion = 1440
Entropy 2.9700
1 . 0000 . 0460 04099 .001062
2 .1029 .1599 05257 .001768
3 .2367 .3136 06820 .003086
4 4173 .5210 08393 .005097
16 5 .6610 .8010 09321 .007563
6 .9900 1.1790 08531 .009181
7 1.4340 1.6890 05478 .007765
8 2.0330 2.3780 02100 .005289
Distortion = .08162
Entropy = 3.3900

8Value derived by direct computation, not by the Max

algorithm.
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TABLE 13.- OPTIMUM QUANTIZATION LEVEL SPACING FOR EXPONENTIAL PDF

WITH MAGNITUDE DISTORTION

M I X(1) Y(I) P(I) D(I)
1 0.0000 0.49012 | 0.50002 | 0.24552
2 Distortion = 0.4910%
Entropy = 1.0000
1 .0000 .3083 .3563 .07441
4 2 .8816 1.4550 .1437 .07095
Distortion = .2907
Entropy = 1.8650
1 .0000 .1701 .2159 .02096
2 .3996 .6292 .1516 .01969
8 3 .9390 1.2490 .08519 .01478
4 1.6670 2.0850 .04732 .02322
Distortion = .1573
Entropy = 2.8020
1 .0000 .0542 .08229 .002602
2 .1272 .2001 .08987 .003813
3 .2984 .3968 .09139 .005201
4 .5295 .6622 .08433 .006433
16 5 .8414 1.0200 .06825 .006970
6 1.2620 1.5040 .04633 .006326
7 1.8310 2,1570 .02487 .004538
8 2.5980 3.0390 .01269 .006124
Distortion = .08401
Entropy = 3.8150

3Value derived by direct computation, not by
the Max algorithm.
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TABLE 14.- OPTIMUM QUANTIZATION LEVEL SPACING FOR GAMMA PDF
WITH MAGNITUDE DISTORTION

M | 1 X (1) w | r@ | b
1 | 0.0000 | 0.0000 I 1.ooooa| 0.28872
1 Distortion = 0.57742
Entropy = ,0000%8
1 .5716 .0000 .5470 .1134
3 2 1.1430 .2265 .09965
Distortion = .3127
Entropy = 1.4470
1 .2586 .0000 L4077 .04032
2 . 8664 .5172 L1414 .02073
. 3 2.0990 1.2150 .0820 .02309
4 2.9820 .07278 .01913
Distortion = .1662
Entropy = 2.4860
1 .09313 .0000 .2589 .009482
2 .3120 .1863 .1128 .006029
3 L6074 L4377 .07862 .005663
4 1.0060 L7771 .05912 .005734
15 5 1.5440 1.2350 .04243 .005528
6 2.2710 1.8540 .02730 .004770
7 3.2520 2.6880 .01485 .003475
8 3.8150 .03540 .005371
Distortion = .08262
Entropy = 3.4760

‘ 4Value derived by direct computation, not by
the Max algorithm.
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TABLE 15.- OPTIMUM QUANTIZATION LEVEL SPACING FOR NORMAL PDF

15

31

WITH RELATIVE DISTORTION

.

I | X(1) 1 Y(I)
1 0.0000 0.0000
Distortion
Entropy
1 .3160 .0000
2 .6320
Distortion
Entropy
1 07174 .0000
2 .3250 .1435
3 . 7514 .5064
4 .9964
Distortion
Entropy
1 I .02397 .0000
2 .1086 - .04793
3 .2510 .1692
4 L4433 .3329
5 .7029 5538
6 1.0530 8520
7 1.5260 1.2550
8 1.7980
Distortion
Entropy
S R
1 W .00237 .0000
2 .01065 .00474
3 .02455 | .01656
4 .04333 .03254
5 .06866 .05411
6 .1028 .0832
7 .1489 L1224
8 .2110 L1753
9 . 2947 . 2466
10 4077 .3428
11 .5601 ' L4726
12 .7659 .6477
13 1.0440 . 8841
14 1.4190 1.2030
15 1.9250 1.6340
16 2.2160
Distortion
Entropy

-

. o

.01912
.03366
.05588 4
.07213
.08771
.09495
.08263

.01912
.01203
L .01141
.01003
.009887
.009369
.007438

.06347

.1562
3.8110

.001891
.003302
.005545
.007487
.01009
.01358
.01823
.02437
.03235
.04235
.05406
.06583
.07354
.07031
.05089

. -008352 |

.001891
.001176
.001128
.001040
.001140
.001349
.001662
.002095
.002666
.003388
. 004229
.005060
.005569
.005250
.003753

.02713

.08642
4.5250

8Value derived by direct computation, not by
the Max algorithm.

~ 0.5000% |

.002761 |
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TABLE 16.- OPTIMUM QUANTIZATION LEVEL SPACING FOR EXPONENTIAL PDF
WITH RELATIVE DISTORTION

M I X(I) Y(I) P(I) D(TI)
0.0000 0.00002 1.0000% 0.50002
1 Distortion = 1.00002
Entropy = .00002
1 L2160 . 0000 .2629 .2632
2 4320 .3686 .1754
3 Distortion = .6141
Entropy = 1.5680
1 .05709 .0000 .07754 .07757
2 .2586 L1142 L1144 . 04050
7 3 .7684 L4030 .1782 .04570
4 1.1340 .1687 .04720
Distortion = .3444
Entropy = 2.7550
1 .0199 .0000 .02775 .02775
2 .0901 .0398 . 04594 .01636
3 .2086 1404 .06792 .01397
4 .3689 .2768 .07551 .01053
5 5 .5854 L4610 .07825 .008835
1 6 .8775 .7097 .07396 | .007317
7 1.2720 1.0450 .06180 .005597
8 1.4990 .08274 .01807
Distortion = .1891
Entropy = 3.8640
1 .00264 .0000 .003727 .003727
2 .01194 .00528 . 006507 .002324
3 .02761 .01860 01077 .002202
4 . 04879 .03662 .01419 .001976
5 .07737 .06096 .01849 .002092
6 .1159 .09379 .02379 .002364
7 .1680 .1381 .03011 .002744
8 .2382 .1979 .03727 .003201
9 .3330 .2785 .04478 .003686
31 110 .4609 .3874 .05167 | .004123
11 .6335 .5343 .05644 . 004402
12 .8665 . 7327 .05731 .004391
13 1.1810 1.0000 .05272 .003984
14 1.6060 1.3620 .04248 .003176
15 2.1790 1.8500 .02867 .002128
16 2.5080 .02294 .003388
Distortion = .09609
Entropy = 4.7300

8yalue derived by direct computation, not by
the Max algorithm.
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TABLE

17.- OPTIMUM QUANTIZATION LEVEL SPACING FOR GAMMA PDF
WITH RELATIVE DISTORTION

15

31

X(1) Y(I)
0.0000 0.00002
Distortion
Entropy
1 L1574 .0000
2 .3149
Distortion
Entropy
1 .0220 .0000
2 .1592 0440
3 . 5660 2744
4 .8575
Distortion
Entropy
1 . 0020 . 0000
2 .00906 .0040
3 .02692 .01412
4 .0721 .03972
5 .1864 .1045
6 4756 .2683
7 1.2070 .6828
8 1.7310
Distortion
Entropy
1 .000522 .0000
2 . 002640 .001044
3 .008263 .004236
4 .02241 .01229
5 . 04648 .03253
6 .07929 .06044
7 .1236 .09815
8 .1834 L1491
9 . 2642 .2178
10 .3732 . 3105
11 .5203 .4358
12 .7189 .6048
13 .9870 .8330
14 1.3490 1.1410
15 1.8370 1.5570
16 2.1180
Distortion
Entropy

P(I) D(I)
1.00002 | 0.5000%

= 1.00002
. 00002
.3292 .3812
.3354 L1611

= .,7033

= 1.5850
.1290 .1483
.1229 .0549
.1387 .04134
L1740 . 05744

= .4557

= 2.7930
.03916 .04499
.02638 .009456
.03564 .009333
.05262 .01256
.07695 .01769
.1029 .02307
.1080 .02342
.07798 .01910

= ,2743

= 3.7620
.02002 .02299
.01496 .00579
.02066 .005652
.03048 .007378
.03360 . 006070
.03283 .004304
.03368 .003666
.03529 .003416
.03711 .003320
.03867 .003275
.03948 .003216
.03899 .003087
.03671 .002846
.03233 .002466
.02598 .001958
.03920 .007932

= .1517

= 4.9140

3Value derived by direct computation, not by
the Max algorithm.
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Figure 1.- Normal, exponential, and gamma probability distributions.
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Figure 2.- The mean square, magnitude, and relative magnitude distortion
measures.

109



011

10
o
=
[*3
o
Q
w
]
3
g I
-]
£
=
E
a
&)
Ol
O Normal
O Exponential
< Gamma, M even
@ Gamma, M odd
00l 1 1 1 1 1 ] ) I I | | |
(o} | 2 3 4 5 6 7 8 9 10 1
Rate, log, M

Figure 3.~ Optimum equal spacing for the mean-
square error quantizers.
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Figure 4.~ Largest representative values for the
equal spacing, minimum mean-square error
quantizers.
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Figure 5.- Distortion for the equal spacing,
minimum mean-square error quantizers.
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Figure 6.- Mean square and magnitude distortions
for the gamma input equal-spacing quantizers.
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Figure 7.- Distortion for the unequal spacing,
minimum mean-square error quantizers.
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Figure 12.- Distortion for the equal spacing,
minimum relative error quantizers for M
odd only.
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Figure 13.- Mean-square distortion vs. entropy
for equal-spacing quantizers.
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Figure 14.- Mean~square distortion vs. entropy
for unequal-spacing quantizers.
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Figure 15.- Rate-distortion curves for normal input and mean-square distortion.
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Figure 16.- Rate-distortion curves for exponential input and mean-square
distortion.
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Figure 17.—- Rate-distortion curves for gamma input and mean-square distortion,

M odd.
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Figure 18.- Rate-distortion curves for normal input and magnitude distortion.
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Figure 19.- Rate-distortion curves for exponential input and magnitude
distortion.
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Figure 20.- Rate-distortion curves for gamma input and magnitude distortion,
M odd.
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Figure 21.- Rate-distortion curves for normal input and relative distortion,
M odd.
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Figure 22.- Rate~distortion curves for exponential input and relative distor-
tion, M odd.
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Figure 23.- Distortion curves for gamma input and relative distortion, M odd.

122 NASA-Langley, 1977 A~6714



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

POSTAGE AND FEES PAID =~
NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

SPECIAL FOURTH-CLASS RATE oot U.S.MAIL

48 001 C1 U ‘
SBoT OF THE AIR FORCE

LF WEAPONS LABORATORY

ATTN: TECHNICAL LIBRARY (SUL)

KIRTLAND AFB NN 37117

p 770218 S00903DS

If Undeliverable (Section 158

POSTMASTER : Postal Manual) Do Not Return

“T'he aeronautical and space activities of the United States shall be

conducted so as to contribute .

. . to the expansion of human knowl-

edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its acrivities and the results thereof.”

—NATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and
technical information considered important,
complete, and a lasting contribution to existing
knowledge.

TECHNICAL NOTES: Information less broad
_ in scope but nevertheless of importance as a

* contribution to existing knowledge.

TECHNICAL MEMORANDUMS:
Information receiving limited distribution
because of preliminary data, security classifica-
tion, or other reasons. Also includes conference
proceedings with either limited or unlimited
distribution.

CONTRACTOR REPORTS: Scientific and
technical information generated under a NASA

contract or grant and considered an important
contribution to existing knowledge.

TECHNICAL TRANSLATIONS: Information
published in a foreign language considered
to merit NASA distribution in English.

SPECIAL PUBLICATIONS: Information
derived from or of value to NASA activities.
Publications include final reports of major
projects, monographs, data compilations,
handbooks, sourcebooks, and special
bibliographies.

TECHNOLOGY UTILIZATION
PUBLICATIONS: Information on technology
used by NASA that may be of particular
interest in commercial and other non-aerospace
applications. Publications include Tech Briefs,
Technology Utilization Reports and
Technology Surveys.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE
NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION

Washington, D.C. 20546



